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Abstract

People experience a huge amount of confusion during the pandemic. For most of them it is
really hard to understand why restrictions during pandemic are necessary and this is often
perceived as very negative.

The main objective of this thesis is to simply convey the different models of spreading
of a virus. With a mobile app that will help people to understand the concept of each
spread model using: short text introduction, modelling, simulating and running a model
with different parameters. The implementation of a mobile application ensures a good user
experience independent from the screen size of the device. The layout and colors are based
on the different parameters to make it easier for the user to understand.

A prestudy with paper prototyping provided early evaluation of the mobile applica-
tion. After the implementation a group of students tested the mobile application SPREAD
as part of a field study to evaluate the mobile application. An evaluation showed that the
concept of the mobile application is successful as the overall design and simplified naviga-
tion proved to be useful.
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Zusammenfassung

Menschen erleben wihrend der Pandemie eine grofie Verwirrung. Fiir die meisten von ih-
nen ist es wirklich schwer zu verstehen, warum Einschrankungen wihrend einer Pandemie
notwendig sind, und diese wird oft als sehr negativ empfunden.

Das Hauptziel dieser Arbeit ist es, die verschiedenen Modelle der Ausbreitung eines
Virus einfach zu vermitteln. Mit einer mobilen App, die den Menschen helfen wird, das
Konzept jedes Ausbreitungsmodells zu verstehen, indem sie eine kurze Texteinfithrung,
Modellierung, Simulation und Ausfiihrung eines Modells mit verschiedenen Parametern
bietet. Die Implementierung einer mobilen Anwendung gewdhrleistet eine gute Benutzer-
erfahrung, unabhingig von der Bildschirmgrofie des Geréts. Das Layout und die Farben
orientieren sich an den verschiedenen Parametern, um das Verstdndnis fiir den Benutzer
zu erleichtern.

Eine Vorstudie mit Papier-Prototyping ermoglichte eine frithe Bewertung der mobilen
Anwendung. Nach der Implementierung testete eine Gruppe von Studenten die mobile
Anwendung SPREAD im Rahmen einer Feldstudie zur Evaluierung der mobilen Anwen-
dung. Die Auswertung ergab, dass das Konzept der mobilen Anwendung erfolgreich ist,
da sich das Gesamtdesign und die vereinfachte Navigation als niitzlich erwiesen haben.
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CHAPTER 1

Introduction

For a lot of people, the beginning of the pandemic was a huge change in their life. Leaving
many people without job, they suddenly have to face completely new challenges. More and
more countries started adopting new strict rules which a lot of people didn’t understand.
With the increasing number of misinformation about the pandemic, more and more people
have stopped trusting the restrictions by the government. Which led to many problems
and protests among the public.

The question arises whether government is guilty for this misinformation among part
of the population or many people just don’t have enough knowledge to understand the
current situation. Furthermore, the question arises whether, if it's too complex for average
person to understand why we need to obey these strict rules and there is no short and easy
way to learn more about it.

The main objective of this bachelor thesis is to simply convey the different models of
spreading of a virus. For this purpose, a mobile app that will help people to understand
the concept of each spread model using: short text introduction, modelling, simulating
and running a model with different parameters. The implementation of a mobile applica-
tion ensures a good user experience independent from the screen size of the device. The
layout and colours are based on the different parameters to make it easier for the user to
understand.
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CHAPTER 2

Related work

To begin with, the mobile application SPREAD is introduced more closely. The application
uses a concept that is key to this thesis - games with a purpose. Focusing on a specific
implementation which brings together the underlying concepts of human computation and
gamification. Followed by a closer look at the procedure for developing a game concept.
Like a classic game, SPREAD aims to create an enjoyable user experience. However, the
game concept of SPREAD puts additional focus on learning. The final section presents
design specifications specific to mobile devices.

2.1 Games with a purpose

To motivate people to learn and understand the concept of difficult topics while having fun
is the goal of “games with a purpose” (GWAPs) [21]. This technique applies for various of
different cases, such as educating a lot of people without need of a human interaction.

Through computer games, people can solve large problems or educate themselves in
different topics. Such games are a common way of using brain power to solve open prob-
lems [28]. Designing such a game is similar to designing an algorithm - it must be proven
correct [35]. Its efficiency can be then analyzed, allowing a more efficient version to replace
a less efficient one [36]. There are a variety of applications for “games with a purpose” in
areas as education [35]. Any game designed to solve these and other problems must en-
sure that the game leads to a correct solution and is fun at the same time [6]]. People play
such games to entertain themselves, not to solve a problem - regardless how worthy its
goal would be [28]. Using a game to educate people how main spread models work is the
concept of SPREAD.

2.2 Models of the spread of infections

In the SPREAD mobile application only the main spread models are represented, such as
SIR model, reproduction number and DOTS model.

3



4 CHAPTER 2. RELATED WORK

2.2.1 SIR Model

One of the simplest spread models is the SIR model [37], and many models are derivatives
of this basic form [26]. The model consists of three non-linear differential equations with
no explicit formula solution [37]. The model consists of three parts:

S: Specifies the number of susceptible persons. It means that when a susceptible person
and an infectious person come into “infectious contact”, then the susceptible person obtains
the disease and enters the infectious part of the population [19].

I: Specifies the number of infectious persons. In this case, these are persons who have
been infected and are capable of contaminating susceptible individuals [29].

R: Specify the number of persons removed (and immune) or died. This part of the
population may also be referred to as “recovered” or “resistant” [3]. These are persons who
have been infected and have either recovered from the disease and passed to the recovered
part of the population or have died. The number of deaths is assumed to be insignificant
relative to the total population [33].

This model is well suited for predicting infectious diseases [39] that are transmitted
from person to person and for which recovery confers durable resistance, such as measles,
mumps, and rubella.

At a given time, these variables (5, I, and R) represent the number of individuals in
every single segment. In order to be able to show that the number of susceptible, infectious,
and removed individuals can fluctuate over time (even if the total population size remains
constant), which leads to using exact numbers a function of t (time): S(t), I(t), and R(t)
[3]. For a given disease in a given population, these functions might then be calculated to
predict possible outcomes and help bring them under control [39].
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Figure 2.1: Typical SIR model solution showing progression of population disease [16]
Typically, each member of the population evolves from susceptible to infectious to re-

covered. This can be visualised as a Figure 2.1 [16] where the X axis represent the duration
in days and the Y axis represent the number of people.
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2.2.2 The reproduction number

The reproductive number (R) is often used to describe the contagiousness of a disease. The
reproduction number R (for a disease) expresses how many persons are likely to get the
disease from a person who has this disease [9].

For instance, if the R for Ebola in a population is 2, then it is expected each new case of
Ebola to produce 2 new secondary cases on average (supposing everyone around the case
was susceptible) [2]]. This can be visualised as a chart [31], where the red persons represents
the infected and black persons are the susceptible.

Basic Reproduction Number (RO)

RO=3 RO=2 RO=5
Figure 2.2: How RO works [11]

In the absence of immunity due to previous exposure or vaccination, or intentional
interference with disease transmission, basic reproductive number (RO) is the reproductive
number which occurs [12]. In a population where everyone is susceptible, (R0) represents
the average number of secondary infections caused by an infectious case [2]. (R0) does not
include new cases caused by secondary cases.

* IfR < 1, then the number of infected persons decreases exponentially over time.
¢ If R > 1, then the number of infected persons increases exponentially over time.
¢ If R =1, then the number of infected remains constant.

A few features of a reproduction number are useful to remember, as their interpretation
is not always straightforward. An epidemic begins when R0 > 1 in a susceptible popula-
tion, i.e., the number of cases is increasing [4].

For individuals being homogeneous and mixing uniformly, R is defined as the average
number of infections occurring during the infection period of a single infected individual
[10]. Allowing individuals to vary in the number of infections they have due to chance, the
average number of infections is R [15]. The occurrence of epidemics cannot be achieved
if R is less than 1 at the time of the starting of the epidemic. With established epidemics
declining when either public health interventions keep R below 1 or the susceptible fraction
of the population has been reduced to a level high enough to keep R below 1 [12].

The basic reproductive number for each location could fluctuate as contact levels be-
tween people may vary due to variations in population density and cultural diversity [15].
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The actual reproductive number may also fluctuate because the immune response of pop-
ulations in different locations varies [22].

2.2.3 DOTS Model

The (D), (O), (T) and (S) originate from what Adam Kucharski of the London School of
Hygiene & Tropical Medicine refers to as “DOTS” in his book Rules of contagion [14].

The base reproduction number R zero is the number of new cases that one case could
cause in a population that would normally be susceptible and not immune. Where its value
is greater than one (RO > 1), transmission is occurring, i.e., an infected individual is trans-
mitting the disease to more than one individual. For example the reproductive number
(RO) for COVID-19 is estimated to be around 2.2 [14] (higher than seasonal influenza). In
terms of public health measures to both prevent and limit transmission, the value itself is
less important than understanding and influencing the four components that all combine
to estimate the value.

The first component is the duration (D) of infectivity-not of the disease itself-but of
transmission from a diseased person to an apparently healthy person. This is even more
important when infectivity begins before the end of the incubation period, that is before
the person has symptoms [4].

Its second element is the opportunity (O) to spread the virus to another individual. It
is highly dependent on the social and community interactions of the infected person with
that person’s family, community, workplace, or school while traveling by air, sea, or land,
or attending another mass event (soccer game, pilgrimage, rock concert, to name a few)
while infected and contagious. If the person remains completely isolated because they are
very sick or in the hospital, (O) has a value of zero, which means no transmission! However,
this could only be true for a few of the infected people [5].

Its third parameter is the transmissibility (T) of the virus. Presuming that there is a
possibility of transmission, the dynamics of the virus’s transmission and the nature of hu-
man interaction must be taken into account. Respiratory viruses are transmitted from one
person to another by airborne droplets released during coughing or sneezing or by con-
taminated objects (e.g., faucets, handrails, doorknobs, or bus grab bars). The probability of
effective transmission depends on the type of contact as well as environmental parameters
such as air pressure, humidity, and temperature, which affect how long droplets remain
suspended in the air and how far they travel [14].

The last component of model of transmission rate is the susceptibility (S) of the person
being exposed to the virus. Whether the person is an infant, a child, a pregnant woman,
or an elderly person. Whether the person already has a health problem or a weakened
immune system, or whether the person has already been infected with the virus and has
become immune as a result [14].



CHAPTER 3

The SPREAD App

In this chapter, the approach of the technical implementation is discussed to show the soft-
ware structure and architecture.

3.1 Technical implementation

The smartphone application is based on the Android OS version 11 which is equivalent to
the API level 30. SPREAD is also compatible with the Android version 5.1 or newer, which
is equivalent to the API level 21. The operating system was selected, due to the market
share dominance of the operating system Android [23], as it is shown in Figure 3.1.
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Figure 3.1: Mobile operating systems’ market share worldwide from 2012 to 2021 [23]

Android achived its position as the leading mobile operating system worldwide in
June 2021 [23], controlling the mobile OS market with a close to 73 percent share [23].
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8 CHAPTER 3. THE SPREAD APP

Which makes the application available to more than 250 million users[24] who are using
the matching platform version.

The app is written in Kotlin, because today it is the recommended language for Android
development [13]. Both Java and Kotlin could be used to create powerful, useful applica-
tions, but Google’s libraries, tools, documentation, and learning resources continue to take
a Kotlin-first approach, making it the better language for Android today [8].

3.2 User Interface

The mobile application SPREAD is structured into activities which can be described as
different screens or entry points of the app with a user interface and other interaction pos-
sibilities. Each of them serves an organisational or game-play purpose.

SPREAD UI is simplistic and features no styled animations. The color of parameters
consists of four distinct colours (red, green, blue and black), which are toned to represent
red equals infected, green equals recovered, blue equals susceptible and black equals death.
The whole application consists of Android activities (Android’s implementation of views).
The main activity is used as a start menu activity. While introduction activities are used to
concisely explain the purpose and functionality of the app. Configurations activities offer
parameter adjustments to the users simulations models for the other activities.

3.2.1 Start menu activity

SPREAD

SIR
DOTS

Figure 3.2: Main menu of SPREAD

SPREAD’s main activity, as displayed in Figure 3.2, is the starting point for user interac-
tion with the application. It shows the different models which could be chosen. If users
want to learn more about one of the models, he should just click the button of the model.
Overall, there are three interactive buttons in the activity. The “SIR” button leads to the SIR
introduction activity, while the “"R” button leads to the reproduction number introduction
activity. The “DOTS” button, forward user to DOTS model explanation activity.
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3.2.2 Introduction SIR menu activity

< SIR Model

SIR estimates the number of infected
people in a population.

Learn more about SIR model at maa.org

NEXT

Figure 3.3: Introduction of SIR

SPREAD’s SIR introduction activity, as displayed in Figure 3.3, is the starting point for
user in SIR model. It shows a short description of the model. If users want to learn more
about one of the SIR model, he should just click the link provided in the activity of the
model. Otherwise user could continue using “Next” button which takes the user to the
configuration activity. The upper left counter contains back button which returns the user
in the main menu activity.
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3.2.3 Configuration SIR activity

< SIR Model

Susceptible: 25

Infected: 25

—e

Recovered: 25

—

Duration: 25

—e

START

Figure 3.4: Configuration of SIR

SPREAD’s SIR configuration activity, as displayed in Figure 3.4, is the configuration menu
of SIR. It shows a four sliders toned with the colours red, green, blue and black. These
colours represent: red equals infected, green equals recovered, blue equals susceptible and
black equals duration in days. If the user wants to return in the introduction activity, the
upper left counter contains back button. Otherwise user could continue using “"Next” but-
ton which takes the user to the simulation activity.
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3.2.4 Simulation SIR activity

<  SIR Model Simulation

0 4 8 12 16 20 24

X axis = days, Y axis/= number of people
e Susceptible ® Infected ® Recovered

Figure 3.5: Simulation of SIR

SPREAD’s SIR simulation activity, as displayed in Figure 3.5, is the simulation graph of
SIR. It shows a three lanes toned with the colours red, green and blue. These colours rep-
resent: red equals infected, green equals recovered and blue equals susceptible. The graph
contains of two axis:

¢ X axis equals duration in days

* Y axis equals the number of people

The graph also have legend of the colours and axises. If the user wants to return in the
configuration SIR activity, the upper left counter contains back button.
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3.2.5 Introduction R activity

< Reproduction number

The Reproduction Number R (for a
disease) expresses how many persons
are likely to get the disease from a
person who has this disease.

* If R < 1, then the number
of infected persons decreases
exponentially over time.

« If R > 1, then the number of
infected persons increases exponentially
over time.

+If R =1, then the number of
infected persons remains constant.

Learn more about Reproduction Number at
healthknowledge.org.uk

NEXT

Figure 3.6: Introduction of reproduction number

SPREAD’s R introduction activity, as displayed in Figure 3.6, is the starting point for user in
reproduction number. It shows a short description explaining how reproduction number
works. If users want to learn more about one of the R number, he could just click the link
provided in the activity of the model. Otherwise user could continue using "Next” button
which takes the user to the configuration activity. The upper left counter contains back
button which returns the user in the main menu activity.
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3.2.6 Configuration R activity

< Reproduction Number

Susceptible: 1000

Infected: 54

Recovered: 25

Dead: 7

=

R Number; 2.3

Figure 3.7: Configuration of reproduction number

SPREAD’s R configuration activity, as displayed in Figure 3.7, is the configuration menu of
reproduction number. It shows a five sliders toned with the colours red, green, blue, black
and orange. These colours represent:

¢ red: infected people at the beginning
* green: recovered people at the beginning

¢ blue: susceptible people at the beginning

black: dead people at the beginning

¢ orange: the reproduction number

If the user wants to return in the introduction activity, the upper left counter contains
back button. Otherwise user could continue using “Next” button which takes the user to
the simulation activity.
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3.2.7 Simulation R activity
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Figure 3.8: Simulation of reproduction number

SPREAD’s R simulation activity, as displayed in Figure 3.8, is the running simulation show-
ing how reproduction number works with different parameters. It shows small dots that
are coloured with the red, green, blue and black. These colours represent:

* red: infected people
¢ green: recovered people
* blue: susceptible people

¢ black: dead people

The graph also shows as a number in the bottom the sum of each group in the same
colour as the dots If the user wants to return in the configuration R activity, the upper left

counter contains back button.
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3.2.8 Introduction DOTS menu activity

< DOTS Model

DOTS expresses the following
estimation the reproduction number

R = Duration x Opportunities
x Transmission probability x
Susceptibility

If an infected person is infectious on
average for a duration of 7 days, has
5 opportunities per day to interacts
with new persons, if the probability
to transmit the disease to another
person is 5% and if only 70% of the
encountered persons are susceptible
to get infected, then R can be
estimatedas 7x 5x0.05x 0.7 =1,225.

If Opportunities is reduced to 2, then
R=7x2x0.05x0.7 = 0,49.

Learn more about DOTS model at the-scientist.com

NEXT

Figure 3.9: Introduction of DOTS

SPREAD’s DOTS introduction activity, as displayed in Figure 3.9, is the starting point for
user in DOTS model. It shows a short description explaining how DOTS model works.
If users want to learn more about one of the DOTS model, he could just click the link
provided in the activity of the model. Otherwise user could continue using "Next” button
which takes the him to the configuration activity. The upper left counter contains back
button which returns the user in the main menu activity.
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3.2.9 Calculate R using DOTS activity

< DOTS Model

Duration: 7

Opportunities: 5

—0

Transmission

%
probability: >

Susceptibility: 70%

R=1,225

Figure 3.10: Calculate R using DOTS

SPREAD’s DOTS configuration activity, as displayed in Figure 3.10, is the configuration
menu of DOTS model. It shows a four sliders toned with the colours red, green, blue and
black. These colours represent:

* red: opportunities - new persons to interact per day
* green: transmission probability - probability to transmit the disease to another person
* blue: duration in days

e black: susceptibility - percentage of the encountered persons are susceptible to get
infected

At the bottom of the screen, represents the calculated reproduction number based on
the given parameters. If the user wants to return in the introduction activity, the upper left
counter contains back button.
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3.3 Distribution

The game is freely available on the Google Play Store https://play.google.com/
store/apps/details?id=com. favoway.spread, so during the evaluation phase testers
could download it. Also the source code of the mobile application was additionally pub-
lished on GitHub https://github.com/marto97/SPREAD.

Time series

16
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Jul10 13 16 19 22 25 28 31 Aug 3 6 9 12 15 18

Installed audience (All users, Unique users, Per interval, Daily) == All countries / regions == Germany

Figure 3.11: Google Console Statistic for SPREAD from July 2021 to August 2021

The Google Play Store registered at its peak 14 unique installs users during the evalua-
tion period (see Figure 3.11).


https://play.google.com/store/apps/details?id=com.favoway.spread
https://play.google.com/store/apps/details?id=com.favoway.spread
https://github.com/marto97/SPREAD

18
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CHAPTER 4

Evaluation

The main reason for SPREAD’s existence is to help people to understand the concept of
the main spread models. SPREAD testers could use the app for a 30 day period, between
15.07.2021 to 15.08.2021, during which all useful interactions were recorded by the Firebase
server. These contributions can be measured in type, quantity and quality and will be
evaluated in the following.

4.1 Testers

The number of testers can not be determined, as the mobile application SPREAD was freely
available for download during the evaluation period. Most of them were probably acquired
through a general email looking for people interested in testing the application, while the
others were reached by their personal contacts. Since the number of testers is too small
to draw any conclusions about the group’s characteristics, the only metric that is available
and can be used is location.

4.1.1 Tasks during evaluation

Testers to participate in the app evaluation from 15th of July 2021 till 15th of August 2021
they had to:

¢ download the Android app from Google Play Store and install the app SPREAD
¢ give SPREAD the permission to collect usage data for analysis purposes
* use the app daily for at least 5 minutes over at least 2 weeks period

* check every 3-5 days for possible updates of SPREAD and install them if available.
As the app was still improving with updates that include whole new versions of the
app, which usually involve new apps interface, look and feel as well as new features.

* give feedback for app problems and crashes, which were fixed with minor updates.
Removing bugs that impact user experience what should otherwise be an enjoyable
and intuitive.

19



20 CHAPTER 4. EVALUATION

e after two weeks, to complete the survey at https://docs.google.com/forms/
d/e/1FAIpQLSeO085Q0tFxNvbuF 70rPfZpYteZl1avVQyRUk J4KMuZMJtQnWBIOQ/viewform.
Where the results are explained in details later.

The reward for media informatics students was 6 MMI points.

4.2 Data Collection

The data was collected using the Android app and saved in the Firebase database. Fire-
base provides also tools for tracking analytics, reporting and fixing app crashes. The users
agreed to share their app data usage data for analysis purposes.

40 @ 28-Day
14
30
® 7-Day
20 3
10
® 1-Day
0 0
11 18 25 01 08 15 B
Jul Aug

Figure 4.1: Firebase data for active users during evaluation period

The graph shows 1-day, 7-day, and 28-day active users, plotted over time between 10th
of July 2021 and 20th of August 2021 (see Figure 4.1). The summarized values on the right
represent the number of unique active users on the last day of the time period.

5mO01s 1h 06m

33m 20s
Om 00s

11 18 25 01 08 15
Jul Aug

Figure 4.2: Firebase data for user engagement during evaluation period

The graph (see Figure 4.2) displays average daily engagement trends for the time period
between 10th of July 2021 and 20th of August 2021. It is clear that the average app usage
per day for all users is a little more than five minutes which is
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Screen class % total Avg. time
CanvasViewR 71.74% Tm 27s
CanvasViewSIR 11.45% Om 16s
Configure...IActivity 6.21% _ 0m 05s
MainActivity 3.93% O0m 03s
Configure...IActivity 2.52% 0m 02s
Configure...Activity 2.02% Om11s
RModelActivity 0.95% Om 01s
IntroDotsModel 0.67% Om 01s
SirActivity 0.52% Om 00s

Figure 4.3: Firebase data for user engagement in different activities during evaluation pe-
riod

The table (see Figure 4.3) shows the name of the activity, the percentage that screen
accounts for in engagement time, and the average amount of time that screen was used for
the time period period between 10th of July 2021 and 20th of August 2021.

It it clear that the most used and time consuming activity is “CanvasViewR” which
represents the simulation activity of reproduction number with almost 72% time usage
from total with average usage time 1m and 27s. Followed by “CanvasViewSir” which is
the SIR simulation activity with around 11% time usage from total. The least used activity
with just 0.52% seems to be “SirActivity which represents SIR introduction activity.

Model
1 1
® Nexus 5X ® INE-LX1 ) (not set) Other

33.3% 7.4% 3.7% 55.6%

OS version

. 1 1 |

® Android 6.0.1 @ Android 10 ® Android 11 Other
37% 18.5% 18.5% 25.9%

Figure 4.4: Firebase data for top three device models and top two OS versions during eval-
uation period

The bar chart (see Figure 4.4) from Google Firebase represents percentage of users on
each ot the top three device models(plus all other devices) and percentage of users on each
ot the top two OS versions(plus all other OS versions). It shows that most of testers have
been testing the app on Nexus 5X with 33.3% of all devices. And also the chart states that
most testers used older version of OS operation system - Android 6.0.1 with 37%. Followed
by Android 10 and Android 11 with both around 18%.
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Country/Region

cermany

Bulgaria
Turkey
United States

Sweden

(not set)
Sudan
Slovenia

Svalbard & Ja...
0% 20% 40% 60% 80%

Figure 4.5: Percentage of sessions from each of countries during evaluation period

The bar chart (see Figure 4.5) from Google Firebase represents percentage of sessions
from each of countries. It shows that 70% of testers have been testing the app from Ger-
many. Followed by Bulgaria and Turkey with both around 13%. And USA and Sweden are
accountant for only around 1-2%.
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4.3 Results

After the testing phase of the app, testers had to fill out a survey. The responses of the
survey will be represented as a summary in this section.

Your overall satisfaction with the app (from O not satisfied to 10 most satisfied)

9 responses

1 (11.1%) 1 (11.1%)

0% 0% 00% - 0% 0(g%)
0

1 2 3 4 5 6 7 8 9 10

1(11.1%)

Figure 4.6: Google Form responses summary for overall satisfaction

The bar chart (see Figure 4.6) from Google Forms shows that 90% of testers have been
satisfied with the app. They rate the app with more than 7 out of 10. Only one person was
not so satisfied with the app rating it with 4 out of 10.

Did you learned with the app about models of epidemics?

9 responses

® Yes
@ Partially
No

Figure 4.7: Google Form responses summary for learning about models of epidemics

The pie chart (see Figure 4.7) from Google Forms shows that 100% of testers have
learned with the app about the models of epidemics.
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In case your answer is partially or no, please explain why:

0 responses

No responses yet for this question.

Figure 4.8: Google Form no responses

There are no responses for question in Figure 4.8 becouse there are no answers “par-
tially” or “no” in previous question.

Was what you learned with the app useful to you?

9 responses

® Yes
® No

Figure 4.9: Google Form responses is the app useful

The pie chart (see Figure 4.9) from Google Forms shows that 77.8% of testers say that
the app was useful for them. And the other 22.2% think the app was no useful for them.
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How much effort did it take to use the app? (0-no effort to 10-too much effort)

9 responses

1(11.
1%)

0 ((])%) 0 ((l)%) 0 ((l)%) 0 ((‘J%)

6 7 8 9 10

Figure 4.10: Google Form responses for how much effort

The bar chart (see Figure 4.10) from Google Forms shows that everyone has experienced
different level of effort using the app. But overall around 90% of the testers answered with
5 or less, which means for most of people the app was pretty easy to use.

Did you enjoy the app?

9 responses

® Yes
® No

Figure 4.11: Google Form responses for enjoying the app

The pie chart (see Figure 4.11) from Google Forms shows that 100% of testers enjoyed
using the app during evaluation period.
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CHAPTER B

Perspectives for future work

Overall, the implementation of SPREAD described in this thesis is still only a prototype.
Therefore, it is important to consider the results of the study in future developments. Par-
ticipants in the study suggested adding more explanations with examples, better UI Design
with more colours to improve the user experience. Specifically, participants wanted more
information in the beginning of the app about the the gist of the application they were deal-
ing with, as well as more custom settings and better app performance and faster loading
time between activities. Participants also suggested adding a proper tutorial when user
opens for first time the app, which would be especially important for future implementa-
tions of the app that increase its complexity.

5.1 Time forward and motion speed

The simulation interface implemented in this bachelor thesis can only represent how pan-
demic is progressing and is mostly for proof of concept. It could be further improved by
adding the ability to use slider near the simulation screen with which user could forward
in time the pandemic progress without waiting too long. Additionally, support for custom
motion speed could be added so that the speed of pandemic process can be adjusted by
the user. For example “x days simulated every second”, where user can input the number
of days represented every second. This feature will let users to simulate more different
parameters without losing a lot of time.

5.2 Different cases

Another feature that could be implemented is to have separate communities, with transit
between them. Every day, each person will have some probability of traveling to the centre
of an another community, and then going about the usual routine from there. So future
work would add the choice for the user to select from three different cases:

e Simple Case which is the default of the mobile application. In this case during the
simulation people have random direction and random speed.

27
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¢ Central Location Case: having a public place such as at public gatherings, on an air-
plane, at school, or in the workplace in the simulation where people could be exposed
to the same source of disease. In the SPREAD app could be shown as a central square
or circle during simulation, where higher percentage of people move through it.

¢ Community Travel Case: every community, such as a neighbourhood, household and
etc., during the simulation could be represented as a different square. Where each
person will have some probability of traveling to the centre of an another community.

5.3 More configuration settings

5.3.1 Death rate

Currently the death rate in the app is fixed in a proportion 1:2 where as 1 is for death rate
and 2 is for recovery rate. This is done only for proof of concept. Additionally, having a
choice to adjust the proportion death:recovery after getting infected would be much better
for users. As they will have more control to test different type of viruses.

5.3.2 Infection Radius

Based on the size of the initial droplet distribution [20]:

* most of the virus content settles in the first 1-2m
¢ all virus is airborne on dry cores or on liquid droplets

¢ small droplets settle slowly on the ground, covering less than 2.5m or more than 7.5m

The app focus is on the airflow generated by the cough. And the infection radius pa-
rameter is fixed to a few pixels around the infected. Further work would add possibility
to change this parameter to show the effects of ventilation in the environment, especially
over long periods of time.

5.3.3 Social Distancing Factor

Social distance is proved to be one of the most effective preventive measures and an imme-
diate solution to prevent or slow down spreading a virus [32].

The app currently doesn’t give the user the possibility to simulate social distancing.
Further work would add the possibility to change the parameter of what percentage of the
population obeys social distancing. And as well to automatically change the social distance
parameter in the population if the reproductive number is higher than 1.5. But when the
reproductive number during the same simulation got lower than 1, the restrictions such as
social distance in the population to be removed.

5.3.4 Quarantine after x days of Infection

One of the oldest, most effective, and most commonly misunderstood methods of con-
trolling transmissible disease outbreaks is quarantine [17]. The term quarantine is used to
describe the restriction of people who are considered to have been exposed to a contagious
disease, but who are not ill [18]. On an individual, group, or community level, it can be
applied and usually involves limiting people to their homes or a specific facility[27]. Such
quarantine could be voluntary or mandatory [7].
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Having group quarantine refers to quarantining people who have been exposed to the
same source of disease such as at public gatherings, on an airplane, at school, or in the
workplace [30]. According to the HHS (U.S. Department of Health and Human Services)
plan [17] , the following is stated: Quarantine’s goal is to protect the public by separating
those exposed to a dangerous transmissible disease from the rest of the general popula-
tion. Therefore, it is a collective action for the public good based on helping those already
infected or exposed and protecting others from accidental exposure [30].

Modern quarantine and social distancing principles limit its application to situations
involving highly dangerous and contagious diseases and where resources are available to
implement and maintain the measures confidently [34]. Quarantine involves a wide range
of transmission reduction strategies that can be used depending on the phase and intensity
of an outbreak [1].

Further work would add the possibility to simulate spreading a virus and infected peo-
ple to be in quarantine. The user could select after how many days an infected person must
be isolated from the rest part of the population during the simulation. Also user could
choose if only infected people to be isolated or also the people who had contact with.

5.3.5 Additional parameters

The lack of data makes difficult to precisely simulate spreading a virus. Simplified versions
of reality are mathematical models of the spread of infection [25]. Based on their design,
they emulate the main characteristics of real-world disease spread with sufficient accuracy
to make predictions that can be trusted, at least in part, to inform decision-making [38].
The COVID-19 predictions, which have been widely debated in the public press, are based
on mathematical models that have been implemented in computer simulations [25]. For
instance, a model might use a variety of real-world data to predict a date (or set of dates)
for the maximum number of cases in a city [40]. By adding more input parameters to the
simulator, it will represent the spread of a virus more precisely. Such parameters could be:

¢ Percentage of the infected, don’t show symptoms, hence, won’t be quarantined.

* Percentage chance that an individual visits the central location in any given hour.

¢ Percentage chance of travel by an individual on a given day to another community.
¢ Number of individuals per community.

* How many communities has an infected person?

¢ How long (in days) is the infection duration?

¢ Percentage of the population obeys Social Distancing.

* Quarantine after how many days of infection.

¢ How many days after the beginning of the epidemic to start the quarantine zone?

5.4 More live data and control

The SPREAD mobile application currently represents the number of susceptible, infected,
recovered and dead people during the simulation. Adding additional live data, such as
the live reproduction number during the simulation, will help the user to understand what
action will help to stop this spread. Also having more control, like changing the social
distancing factor, lowering the percentage of people with access to public places, adding
or removing quarantine during the simulation. This will help the user to understand more
deeply how the viruses are spreading and what could help preventing them.
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5.5 Agent-based model

Having additional button ”Agent-based”, which by clicking it could combine the SIR and
DOTS models using:

* A few types of agents based on the following parameters.

* A few types of ages (like young, middle-aged, old)

* A few types of mobility (public transportation commuters, etc.)
* Generation time

¢ Population size

Using simple but attractive visualisations for both setting parameters and displaying
the results.



CHAPTER O

Conclusion

The number of testers and duration of the test are not enough to provide a definitive con-
clusion. Also, solving a sense is not an accurate indicator of its descriptiveness.

Since the game is designed to be simplistic, only two choices were used to evaluate how
the senses performed. The results of this study suggest that the app’s usability is on a good
level, and its underlying methods for learning could be used to improve the knowledge for
people who are interested in the topic.

Due to the simplicity of its features, most of the tools and options are used. Additionally
there is also short descriptions for each model and parameters. This is also the reason why
SPREAD is so easy to use.
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