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ABSTRACT The emergence of recent disease outbreaks calls for the design of new educational games
aimed at increasing awareness in disease prevention. This article presents StopTheSpread, an educational
mobile application that seeks to improve awareness about the best practices to prevent the spreading of
seasonal flu in the general public. StopTheSpread integrates concepts in network science and epidemiology,
within a freely available mobile application that provides a unique learning experience for free-choice
learners about flu prevention. StopTheSpread teaches users basic concepts about flu prevention, within a
series of games of increasing difficulty that maintain user engagement and offers a user-friendly design.
StopTheSpread provides a summary of the best practices to prevent flu spreading according to the guidelines
of the Centers for Disease Control and Prevention, and the World Health Organization, while connecting
users to citizen science projects aimed at worldwide flu tracking. Through Facebook, Twitter, and email
we reached volunteers during the COVID-19 confinement, to conduct an online feasibility study, toward
assessing learning outcome in playing with our mobile application. Our results indicate that the use of
StopTheSpread increased by 20% the awareness about the spreading mechanism of flu, compared with the
baseline population.

INDEX TERMS Education, flu prevention, general public, informal learning, public health, social networks.

I. INTRODUCTION
Improving scientific literacy is key to increase the aware-
ness in disease prevention [1]–[3]. Given the wide portion
of the population that could benefit from the design of new
educational approaches, informal science learning activities
have recently found fertile terrain that make them prefer-
able to structured formal learning programs in many cir-
cumstances [4]. Informal learning takes place outside the
school environment, for example in museums, field trips, and
online [5], [6]. It is voluntary, unstructured, unsequenced,
learner-led, and unplanned [4], [7]. Its spontaneous and inter-
active nature could be central to improving scientific liter-
acy [8]–[10]. Entertaining and challenging educational games
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are a class of informal learning approaches that is particularly
effective for educating the general public [11], [12]. Previous
studies provide evidence that educational games have a pos-
itive effect on learning outcomes [13] and recommend their
use as instructional methods [14].

Within the existing literature, there are several
examples of successful educational games that offer alter-
native types of learning. For instance, in [15], a game-
like computer-modeling environment, ‘‘StarLogo,’’ offers
an interactive and graphical platform to create a complex
system, where agents exchange information to one another in
a non-trivial way. The game is able to ease the comprehension
of complex systems in youth. In [16], an online science
education game, ‘‘Uncommon Scents,’’ provides a virtual
framework where users can perform simple biological experi-
ments, such as comparing the behavior of mice when exposed
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to air or toxic gas. Such a virtual framework facilitates
learning of the biological consequences of exposure to toxic
chemicals. Likewise, a mobile application, ‘‘simufish,’’ cre-
ates a user-friendly environment where users can interact with
virtual fish, toward promoting learning of fish behavior [17].
The game ‘‘Conectado’’ provides a platform where users are
placed in the role of victims of cyber-bullying, making them
reflect on its problems. This game is able to raise empathy
with victims and increase bullying awareness [18].

Relevant examples of successful educational games can
also be found within the context of disease prevention
[19]–[23]. ‘‘Epidemic Containment Game’’ [20] is a powerful
theoretical tool to study voluntary vaccination enacted before
the spreading of diseases. In [21], participants playing a
board game gained knowledge about risk-factors associated
with the development of heart diseases and cancer. In [22],
a question-and-answer game, ‘‘ZIG-ZAIDS,’’ increased the
awareness in AIDS prevention. Particularly interesting is the
educational game ‘‘Vax,’’ which was originally designed to
teach elements of disease spreading to the general public.
Vax is a web-based platform developed in 2014 around the
idea of networks [24], [25], where nodes (circles or dots)
represent individuals and links (edges or segments) represent
interactions between pairs of individuals. Vax builds upon
the technical literature [26] to explain how diseases spread
in a population from infected individuals to healthy ones via
the available interactions. It demonstrates that the knowledge
of the individuals’ interactions slows down the spreading of
the disease. Specifically, Vax teaches that vaccination and
quarantine are viable prevention mechanisms to slow down,
and eventually stop, the contagion process. The teaching
capabilities of Vax, however, have yet to be fully assessed.

Here, we build on the idea proposed by the web-based
game Vax and introduce StopTheSpread [27], [28], a mobile
application to teach the best practices to prevent flu spreading.
Similar to Vax, StopTheSpread uses networks to represent
how diseases spread in a population. Different from Vax,
StopTheSpread provides unique features that facilitate users’
engagement and learning and we briefly describe them in the
following. It targets the seasonal flu disease, which causes
thousands of deaths per year (e.g. 64, 000 in the US during
the 2017-2018 season [29]). It is a mobile application, suit-
able to entertain and educate the general public [30], [31].
It connects users of the mobile application to current citi-
zen science projects aimed at tracking seasonal flu, such as,
InfluenzaNet [32] and Flutracking [33]. In this way, users
of StopTheSpread can actively contribute to tracking how
flu spreads. Also, StopTheSpread explains the best prac-
tices to prevent flu spreading according to the World Health
Organization [34] and the Centers for Disease Control and
Prevention [35], through useful summaries of such practices
and links to official websites of these organizations.

Can StopTheSpread increase the awareness of flu preven-
tion? In order to answer this question, we performed a fea-
sibility study during the worldwide COVID-19 confinement.
Due to the impossibility of carrying in-person studies, we car-

ried it online using Facebook, Twitter, and email. In the study,
we randomly divided volunteers in an experimental and a
control group. Volunteers in the experimental group installed
and used StopTheSpread before answering survey questions.
Volunteers in the control group performed the activities in the
opposite order, so that their ability to answer the survey ques-
tions could be considered as a baseline on which to test the
learning value of StopTheSpread. Specifically, by comparing
the scores of the two groups, we expected to gain insight into
the potential of StopTheSpread to teach basic concepts about
flu prevention.

The rest of the manuscript is organized as follows.
In Section II, we describe StopTheSpread and its goals.
In Section III, we explain the experimental design and present
our results. In Section IV, we discuss our findings, propose
possible future disease-related educational activities, and pro-
vide conclusive remarks.

II. OVERVIEW OF StopTheSpread
The mobile application ‘‘StopTheSpread’’ is built using
Expo [36] v34.0.0, a platform that provides a set of tools
and services to develop and deploy mobile applications on
the Apple [27] and Google Play [28] stores. The core func-
tionality of the application is a game where players have
to halt the spreading of an epidemic in the least number of
days using a set of pre-defined preventive actions. In Fig. 1,
we illustrate the conceptual map of StopTheSpread, com-
posed of six main pages, whose functionalities are listed
below.
• The ‘‘Tutorials’’ page instructs the users on how to play
the game and lists the main learning outcomes.

• The ‘‘Play’’ page proposes five games of increasing
difficulty, four based on real social networks derived
from the SocioPatterns project [37], and one based on
the Barabási-Albert generative model of artificial het-
erogeneous networks [38].

• The ‘‘About Flu’’ page is a Question&Answers page,
where key information about flu disease is provided to
the user.

• The ‘‘Global Flu Tracking’’ page points users to citizen
science projects aimed at worldwide flu tracking.

• The ‘‘References’’ page provides hyperlinks for users
interested in learning more about flu prevention [34],
[35], Network Science [24], [25], and the SocioPatterns
project [37].

• The ‘‘Credits’’ page acknowledges support from inter-
national organizations and lists the main contributors to
the development of the mobile application.

In the following, we explain the content of the six pages in
the application (‘‘Tutorials,’’ ‘‘Play,’’ ‘‘About Flu,’’ ‘‘Global
Flu Tracking,’’ ‘‘References,’’ and ‘‘Credits’’), providing
a rationale for our choices. Then, we present a detailed
explanation on how the considered networked systems are
generated. Finally, we describe the flu-like epidemic model
implemented, and we list the main variables used in the Play
page.
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FIGURE 1. Conceptual map of the mobile application ‘‘StopTheSpread’’. Right below the name of the
application, we illustrate its icon. At the center of the map, we show the menu, which connects the
six pages in the application (‘‘Tutorials,’’ ‘‘Play,’’ ‘‘About Flu,’’ ‘‘Global Flu Tracking,’’ ‘‘References,’’
and ‘‘Credits’’). The arrows point to the content detail of each menu item.

A. MENU PAGES
1) TUTORIALS
This page comprises four subpages, illustrated in Fig. 1, top
right. The first three subpages are dedicated to the main
learning outcomes of the mobile application and they illus-
trate the current state of the art in flu prevention [34], [35]
and Network Science [24], [25]. The last subpage explains
to users the role of each button in the game. We focus our
discussion on the three informative subpages.

a: HOW DO SCIENTISTS MODEL INTERACTIONS BETWEEN
HUMANS?
Scientists represent a set of interacting individuals with a net-
work, where humans are represented as dots (nodes) and their
interactions with lines (links) [24], [25]. In this subpage of the
Tutorials page, we put forward a comparison between reality
and modeling, as shown in Fig. 2. In reality, individuals inter-
act with others when they are close enough, while scientists
model this phenomenon using a line to connect the two dots
that correspond to the individuals under observation. In the
mobile application, we also illustrate an aggregated version of
all interactions registered in a given day, which corresponds
to the ‘‘Full day’’ representation at the bottom of Fig. 2.
For simplicity, we do not contemplate the representation of
multiple interactions.

b: HOW DOES THE FLU SPREAD IN A POPULATION?
Flu spreads in a population through the set of avail-
able interactions, from infected individuals to healthy ones.
In StopTheSpread, we depict individuals and their interac-
tions in the form of a network and consider that individuals
can be in one of three possible states: healthy, exposed, and
infected. Healthy individuals can contract the disease from

FIGURE 2. Screenshot of a page in the tutorial ‘‘How do scientists model
interactions between humans?’’ On the left, we schematize interactions
through physical proximity, enclosing in ellipses people who are close
enough to interact throughout a day. On the right, we illustrate how
scientists model interactions through networks, in different times of the
day. Alongside observations during a day, we show a daily aggregated
view of interactions with the corresponding network model.

infected individuals. Exposed individuals are infected but
cannot infect anyone. Similar to the seasonal flu, they spon-
taneously become infected after a transition phase (incuba-
tion). Infected individuals are infected and can infect others.
The two panels in Fig. 3 illustrate a typical case of disease
progression and transmission. In Fig. 3(a), a time snapshot
of the network is illustrated, where three infected individuals
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FIGURE 3. Two screenshots of the tutorial ‘‘How does the flu spread in a
population?’’. We display a population of 22 healthy individuals (gray
dots) and three infected ones (red dots), as shown in panel (a). Only
healthy individuals interacting (connected via a line) with infected
individuals may contract the infection. After one day, the infected
individual in the central position of the system spontaneously recovers,
while two individuals contract the infection and become exposed
(yellow dots), as displayed in panel (b).

are present. Fig. 3(b) represents a successive snapshot, where
the individual in the central position of the network has
recovered from the infection and has infected two individuals
who interacted with him. These individuals are now exposed
and they will eventually transition to infected. The network
visualization helps the general public to focus on important
epidemiological concepts. For instance, users may observe
that some individuals may create more interactions than oth-
ers; that individuals in central positions in the network have
a different role from those occupying peripheral positions;
that the risk associated with an interaction depends on the
state of health of both peers; and that no spreading can
occur if a healthy individual interacts only with other healthy
individuals.

c: WHAT CAN PEOPLE DO TO SLOW DOWN THE FLU
SPREADING?
According to the World Health Organization [34] and the
Centers for Disease Control and Prevention [35], several
actions can be taken daily to slow down the flu spreading.
In our mobile application, users can experience the effect
of three different actions: isolation, behavioral changes, and
vaccination. Behaviors corresponding to these actions are
listed below.
– ‘‘Isolation:’’ avoid close contact with people who are

sick; or stay home when you are sick.
– ‘‘Behavioral Change:’’ wash your hands often; avoid

touching your eyes, nose, or mouth; and practice good

health habits (get plenty of sleep, eat nutritious food, stay
hydrated, etc.).

– ‘‘Vaccination:’’ take a flu shot.
In StopTheSpread, some individuals cannot be vaccinated;
this feature models the practical inability of vaccinating the
entire population, due for example to medical conditions of
a minority of individuals [39]. An example of the use of the
three actions (isolation, behavioral changes, and vaccination)
is illustrated in Fig. 4. In panel (a), the population includes
two infected individuals and two individuals who cannot be
vaccinated. The user decides to change the behavior of an
individual, remove an interaction between an infected indi-
vidual and a healthy one simulating isolation, and vaccinate
another individual. As a result, the disease is stopped and no
more infected individuals are present in the system, as illus-
trated in Fig. 4(b).

FIGURE 4. Two screenshots that summarize the function of the users’
available actions (isolation, behavioral changes, and vaccination)
described in the tutorial ‘‘What can people do to slow down the flu
spreading?’’. In the displayed population, two individuals are infected (red
dots) and two cannot be vaccinated (black squares), as shown in panel
(a). As an illustration, we implement the following actions: (i) we change
the behavior of an individual (blue dot) interacting with one infected; (ii)
we remove the interaction (blue line) between a healthy individual and
an infected one; and (iii) we vaccinate the individual (green dot) in
contact with both infected ones. These actions are effective in stopping
the spreading and the population is now disease-free, as depicted in
panel (b).

2) PLAY
StopTheSpread is designed in the guise of an educational
game to increase users’ engagement [11] and boost their
learning process [12]. To this end, our game is designed
to present increasing levels of difficulty, obtained by prop-
erly tuning the epidemic model parameters, as explained
in Section II-C and Appendix A. The goal of the game is
to halt the spreading in the least number of rounds, which
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correspond to days; the faster the disease propagates, the
harder it is to halt it in the game. The flu spreading is halted
when there are no individuals in either the exposed or the
infected state. At the beginning of the game, a number of
individuals are randomly selected and assigned to the infected
state; a possible initial configuration is shown in Fig. 3(a).
Then, the disease starts spreading from infected individuals
toward healthy ones, as in Fig. 3(b), and users can use the
three available actions (isolation, behavioral changes, and
vaccination) to slow down, and eventually stop, the spreading,
as exemplified in Fig. 4. Real-world systems are modeled
through the use of real-world networks inferred from exper-
imental campaigns on human proximity interactions (Hos-
pital [40], Workplace [41], High School [42], and Primary
School [43]) and are chosen to be close to most of the
users’ daily life situations. This choice suggests to users that
networked systems are pervasive and ubiquitous. A further
game level is based on the Barabási-Albert generative model
for complex networks [38] and is useful to highlight the
role of heterogeneity in the interaction patterns of real social
networks.

3) ABOUT FLU
This page is in the form of Questions&Answers, as it deals
with practical notions. This page is divided into three sub-
pages: (i) information about the flu disease; (ii) actions to
prevent flu spreading; and (iii) advantages and risks of taking
a flu shot as illustrated in Fig. 1.

4) GLOBAL FLU TRACKING
Users willing to help scientists to tracking the spreading
of flu worldwide can do so by contributing to the Global
Flu Tracking page, referred to in the middle left area of
Fig. 1. Therein, we provide hyperlinks to be accessed by users
currently in Australia and New Zealand (Flutracking [33]),
or in Europe (InfluenzaNet [32]). Depending on the area
considered, the online recruitment process may vary. Full
information about how to contribute to flu tracking is avail-
able in the linked websites.

5) REFERENCE
Users who would like to learn more about disease preven-
tion, Network Science, or to access the datasets used in the
game find information in this page. We provide hyperlinks
in the Reference page, referred to in the bottom right area
of Fig. 1.

6) CREDITS
Users find here information about the main agencies and
institutions supporting the mobile application, as well as the
main contributors to it (Fig. 1, bottom left).

B. NETWORK GENERATION
We consider four networks inferred from real time-resolved
interaction networks and a synthetic network. The four real
networks are provided by the SocioPatterns project [37]

and are obtained by recording face-to-face interactions using
proximity sensors [44]. These sensors are able to detect
time-resolved interactions with a resolution of 20 seconds,
thereby offering the possibility to record time variations in
temporal patterns. Furthermore, these data from the SocioPat-
terns project contain additional information about the indi-
viduals who participated in the study. For instance, we know
that individuals are: nurses or doctors in the Hospital sys-
tem [40], working in one of the departments in theWorkplace
system [41], students of one of the classes in the School
systems [42], [43].

Here, we manipulated the original four real datasets to
render their presentation more appealing to potential users
of the mobile application. To this end, we considered only
a subset of the individuals in each of four real datasets, based
on their number of connections. Specifically, we retained:
pairs of nurses interacting at least 100 times in the Hospi-
tal system [40], pairs of workers in the ‘DSE’’ department
interacting at least 27 times in the Workplace system [41],
pairs of students in the ‘‘PSI’’ class interacting at least
35 times in the High School system [42], and pairs of
students in the 1A class interacting at least 55 times
in the Primary School system [43]. These real networks
look entangled due to the high presence of loops, that is,
three or more individuals forming a close-ended chain of
interactions.

On the contrary, the synthetic network was created using
the Barabási-Albert generative model [38], which reproduces
a tree-like structure where no loops are present. Such a syn-
thetic network should be better suited to render the hetero-
geneity of many real systems [45], where a few individuals
generate most of the interactions and the others only a small
fraction of them. The number of individuals considered in
the system is N = 40 and the number of initially connected
individuals is m0 = 2. Then, new individuals (one by one)
are added to the system, such that the actual number of
individuals in the system is n = m0 + 1,m0 + 2, . . . ,N .
Each new individual generates an interaction toward one of
the other n − 1 individuals in the system. We indicate with i
the generic individual who can receive such interaction and
associate with this event a probability

pi =
ki
C
, (1)

where ki represents the number of connections of individual
i and C corresponds to the total number of connections in
the system. New individuals are added until we reach a total
number of individuals N = 40. Equation (1) represents a
preferential attachment rule [45], according to which a newly
added individual is more likely to interact with another one
having a high number of connections.

Users are allowed to modify the network struc-
tures by removing links to prevent epidemic spreading.
Removed links spontaneously reappear according to a
stochastic rule, which mimics the end of the isolation
period.
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C. EPIDEMIC MODEL
Depending on the considered disease, a proper epidemic
model should be adopted [46]. As the StopTheSpread mobile
application focuses on the transmission of the seasonal
flu, we selected an adapted version of the well-known
Susceptible-Infected-Susceptible model [47] to contemplate
incubation and possible reinfections during the observation
time. The progression and transmission of the epidemic
model is schematized in Fig. 5 and its parameters var-
ied to design games of increasing difficulty, as explained
in Appendix A.

FIGURE 5. Schematic representation of the epidemic model implemented
in the mobile application for individuals who can be vaccinated, in panel
(a), and individuals who cannot, in panel (b). Both panels indicate with
circles all possible states: S for susceptible, V for vaccinated, B for
behavior-changed, E for exposed, and I for infected. Arrows represent
possible transitions from one state to another. Solid arrows are
accompanied by a symbol indicating the probability per unit time that the
transition occurs. A star close to a symbol indicates that the transition
may occur only upon interaction with an infected individual. Dashed
arrows represent transitions enabled by the user’s behavior, who has the
opportunity to change the behavior and vaccinate a limited amount of
individuals every day.

Once an individual is infected with the flu, it may take
a few days before the individual develops symptoms and is
able to spread the pathogen to others [48]. This period is
known as incubation time, and the related state is known as
exposed. After a certain delay, exposed individuals become
infectious and can infect others. In this vein, the exposed state
was conveniently added to the model [49].

We contemplated behavioral changes enacted to com-
ply with the good practices to prevent flu spreading [35].
Our choice is grounded in recent scientific discoveries that
pinpoint the impact of behavioral changes on disease
spreading [50], [51]. In the model used in our mobile

application, healthy individuals may change their behav-
ior to enact self-protective strategies. This phenomenon
is paralleled by the introduction of a further ‘‘B’’ state
in our model. Individuals in this behavior-changed state,
upon interacting with infectious individuals, transition to
the exposed state with a lower probability than susceptible
individuals who have not enacted self-protective behavioral
changes (‘‘S’’ state) [35]. These healthy individuals are less
likely to be infected. Furthermore, individuals with their
behavior-changed may follow the good habits to prevent flu
spreading for a limited period; for instance, they may forget
to wash their hands for a series of days, thereby transitioning
back to the susceptible ‘‘S’’ state.

We also included a vaccination mechanism. Vaccination
is a determining factor to prevent disease spreading [35],
supported by several experimental and theoretical stud-
ies [52]–[54]. In our mobile application, healthy individuals,
as well as individuals who enacted self-protective behavior,
can be vaccinated. Once vaccinated, these individuals can-
not become infected for a long-but-limited amount of time
(in the real world, due to the seasonal mutation in the
pathogen strain, the effectiveness of the flu vaccine is limited
to a season or even less) [55]. In addition, we assumed that
some individuals should not be vaccinated [39], due to their
medical condition, and we represented such individuals in a
squared shape.

Overall, our model includes five possible states: suscep-
tible (or healthy), vaccinated, behavior-changed, exposed,
or infected. The set of possible states is denoted as X =
{S,V , B,E, I }, where S represents susceptible individuals,
V vaccinated individuals, B individuals who enacted behav-
ioral changes (that is, behavior-changed state), E exposed
individuals, and I infected individuals. Individuals in the
healthy state, vaccinated state, and behavior-changed state
are all healthy. The possible transitions from one state to the
other are represented in Fig. 5. They are tagged with symbols
indicating the corresponding probability. Possible transitions
can be divided into three main categories.

1) SPONTANEOUS TRANSITIONS
A spontaneous transition is a transition that does not depend
on any of the interactions. As shown in Fig. 5, the spontaneous
transitions are: from the vaccinated state to the susceptible
one (with probability β); from the behavior-changed to the
susceptible state (with probability α); from the exposed to
the infected state (with probability ω); and from the infected
to the susceptible state (with probability µ). Furthermore,
a removed interaction may spontaneously reappear (with
probability δ); this transition is not shown in Fig. 5, as the
state transition graph does not contemplate network forma-
tion phenomena.

2) TRANSITIONS DUE TO AN INTERACTION
These transitions occur only if an infected individual inter-
acts with either a susceptible individual or one with their
behavior-changed. As depicted in Fig. 5, if the interaction
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under exam is between an infected individual and a sus-
ceptible one, then the susceptible one becomes exposed
with probability λ. If an infected individual interacts with
another in the behavior-changed state, the probability that
it becomes exposed is reduced to ηλ, where η < 1 is a
behavioral parameter that makes less likely for the individual
to become exposed to the flu disease (and eventually infected)
[50], [51]. Furthermore, users may decide to use the isolation
action, thereby removing an interaction between two indi-
viduals. If the removed interaction destroyed is between an
infected individual and a healthy (either susceptible or with
the behavior-changed) one, then the healthy individual cannot
be infected.

3) TRANSITIONS ENACTED BY THE USERS
Users may perform three different actions: isolation,
behavioral changes, and vaccination. As previously described,
isolation only removes an interaction between two indi-
viduals. Differently, individuals who change their behavior
voluntarily transition from the S to the B state, as illustrated
in Fig. 5. Similarly, applying the vaccination action to an
individual in either the susceptible or the behavior-changed
states makes the individual to transition to the vaccinated
state, as in Fig. 5(a). Vaccination can only be applied to
individuals who can be vaccinated.

III. FEASIBILITY STUDY DURING
COVID-19 CONFINEMENT
In order to explore the effectiveness of StopTheSpread in
increasing awareness of flu prevention, we performed an
online feasibility study during the worldwide COVID-19
confinement in April and May 2020. Such a study has
been promoted and conducted using Facebook, Twitter, and
email. Our study reached a total of 68, 841 people, 56 of
whom completed the online activity. Our results indicate
that StopTheSpread can increase awareness about the flu
disease. Specifically, users are found to score 20% better on
questions addressing how flu spreads, after the interaction
with StopTheSpread. Here, we explain the process of the data
collection and analysis and we present our main results.

A. METHODS
1) DATA COLLECTION
We advertised our online activity through the official
accounts of the Dynamical Systems Laboratory. Specifically,
we used Twitter (@DynamicalSyste2), Facebook (Dynamical
Systems Laboratory), and email (dsl.nyu@gmail.com). Our
Facebook post reached 27, 348 people and 632 clicked the
link that directed them to our study, while 41, 493 people
were reached via our Twitter post and 33 clicked the link
to the study. We are not able to anticipate the exact number
of people reached via email, as well as how many people
have clicked the link to our study. Our online study started
on the 2nd of April 2020 and ended on the 19th of May 2020.
We spent $150 to promote the Facebook post and other $150

to promote the Twitter post. Overall, 141 volunteers gave us
consent to collect data, 57 volunteers answered survey ques-
tions, and 56 volunteers (44 in the control group and 12 in the
experimental group) correctly completed the entire activity.
To the best of our knowledge, none of the volunteers had
prior experiences with StopTheSpread, whereby they were
randomly reached through electronic means. Participation
rate is consistent with previous studies [56]–[58], where only
a small fraction of the people reached actively participate
in the proposed activity. In Fig. 6, we report the available
statistics on the data collection.

FIGURE 6. Available statistics on our online data collection. The number
of people reached by our Twitter and Facebook posts (top) is on the order
of ten thousand, while the size of the control and experimental
group (bottom) is on the order of ten individuals. We cannot estimate
either number of people reached via email or the number of them that
clicked who link to the study.

The online activity consisted of completing a consent
form, filling a short anonymized survey, and interacting with
our mobile application StopTheSpread. After completing the
consent form, volunteers were randomly divided into control
and experimental groups. Volunteers in the control group
first filled the survey, and then interacted with our mobile
application. Volunteers in the experimental group first inter-
acted with our mobile application, then filled the survey.
We reckon that, by design, volunteers in the control group are
more likely to answer survey questions than volunteers in the
experimental group. Consistent with this claim, we registered
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TABLE 1. Codes used to identify the demographic information collected, in panel (a), and questions about flu prevention, in panel (b). Complete
information about our survey questions is available in Appendix B-B.

44 volunteers in the control group and 12 volunteers in the
experimental group.

The complete list of questions along with their correspond-
ing codes is presented in Table 1. All other information
collected from the consent and survey forms are available in
Appendices B-A and B-B, respectively.

2) DATA MANIPULATION AND ANALYSIS
Data manipulations were performed using the programming
language Python 3, with the Jupyter notebook. We operated
a preliminary data cleaning phase, where volunteers’ emails
were used to match the answers in the consent form with
those in the survey to ensure volunteers gave us consent
to use the data. We considered two emails as equivalent if
they had at most one character different from one another
to account for potential typos by the users. After matching
answers in the consent form with the ones in the survey
form, we anonymized the data by removing the email field.
Furthermore, we homogenized the answers to the question
‘‘In what country are you currently in?’’ as follows. The
answers ‘‘Italy,’’ ‘‘italy,’’ ‘‘Italia,’’ ‘‘Italia,’’ ‘‘italia,’’ or
‘‘Iraly’’ are converted to ‘‘Italy;’’ ‘‘UK’’ or ‘‘Uk’’ are con-
verted to ‘‘UK;’’ and ‘‘USA,’’ ‘‘Usa,’’ or ‘‘United States’’ are
converted to ‘‘USA’’. In the answers to the question ‘‘What
is, in your opinion, the best method we have to prevent flu
spreading?’’, we removed all subjects, verbs, and conjunc-
tions, such as ‘‘we,’’ ‘‘be,’’, or ‘‘or’’. We also converted
the words ‘‘vaccino,’’ ‘‘vacinazione,’’ ‘‘vaccines,’’ ‘‘vaccin,’’
‘‘vacine,’’ and ‘‘vaccination,’’ which all become ‘‘vaccine’’.

In order to more easily interpret the demographic infor-
mation collected in Table 1(a), we considered answers to
questions D4, D5, D6, D7, and D8 to be either affirmative
(numerically representedwith a one) or negative (numerically
represented by a minus one). We treated ‘‘Yes’’ as an affir-
mative answer and, ‘‘Maybe,’’ ‘‘I do not have children,’’ and
‘‘No’’ as negative answers.

To quantify the learning outcome of volunteers, we assigned
numerical values to the volunteers’ answers of the second
section of the survey questions (‘‘Q’’ questions). In the
questions requiring a unique answer (Q1, Q2, Q3, Q4, Q5,
and Q6), we assigned a score equal to one when volunteers
correctly answer the question, and zero otherwise. In the
question requiring multiple answers (Q7 only), we assigned
a score equal to the number of correct answers minus the
number of wrong answers. We did not convert the answers
in Q8 to a numerical format, as the purpose of this question
was to create a wordcloud that would show the general
sentiment of the users to the best method available to prevent
flu spreading.

We analyzed volunteers’ score corresponding to the
cleaned, anonymized, and numerical data. We focused on
volunteers’ score in each of the seven questions (from Q1 to
Q7), as well as on the volunteers’ score obtained by summing
multiple answers. For instance, the score Q1Q2Q3 indicates
the sum of the scores gained in questions Q1, Q2, and Q3,
while the total score is the sum of the scores gained in
all questions. When separating volunteers in groups based
on their answers to the demographic information collected
in Table 1(a), we used a two-tailed, non-parametric statistical
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test to compare the volunteers’ score. Specifically, we con-
sidered the Kruskal-Wallis H-test for comparing the median
scores of multiple groups [59], the Mann-Whitney rank test
to compare the scores of two independent groups [60], and
the Wilcoxon signed-rank test to compare the scores of two
dependent groups [61]. We reported as ‘‘W’’ the test statis-
tic and as ‘‘p’’ its corresponding p-value. When comparing
groups through the Wilcoxon signed-rank test, we also stud-
ied effect size through Cliff’s delta, or ‘‘d’’ [62]. This quan-
tity is a practical complement to hypothesis testing, whereby
it quantifies how often the values in a group are larger than
the values in the other group. We set the significance level
equal to 0.05.

B. RESULTS OF THE ONLINE EXPERIMENT
A total of 56 volunteers correctly completed the online
activity. The average age of these volunteers is 37.2 ± 16.3
(mean ± one standard deviation). The highest educational
level of three volunteers is Middle School, of 15 is High
School, of 23 is Bachelor degree, of eight Master degree, and
of seven is a PhD degree or higher. A total of 49 volunteers
were interested in flu prevention, while seven volunteers were
not. Also, 13 volunteers took a vaccine in the last 12 months
prior to the completion of the survey, while 43 volunteers did
not. The answers of all general demographic questions can be
found in Table 8 in Appendix B-C.

A qualitative representation of our results is illustrated in
the wordcloud in Fig. 7, where we observe the predominance
of the word ‘‘vaccine’’ as the best method available to pre-
vent flu spreading. We performed two different quantitative
analyses. First, we explored whether volunteers’ background,
collected via the demographic information in Table 1(a), did
explain the score volunteers’ achieved in answering questions
about disease prevention, in Table 1(b).1 Second, we tested
the hypothesis that StopTheSpread teaches the best practices
to prevent flu spreading. To this end, we compared the score
gained by volunteers in the control and experimental groups.

We study whether volunteers’ backgroundwas related with
either a high or low score. We divided the volunteers in
groups sharing similar demographic information from their
answers to the questions in Table 1(a). We compared the
score that these different groups reached while answering the
questions in Table 1(b), using the appropriate statistical test.
For instance, we compared the score of men versus women
(D3 in Table 1(b)) and, the score of those who took the flu
vaccine versus those who did not (D7 in Table 1(b)).
Using the Mann-Whitney rank test, we registered that vol-

unteers interested in flu prevention scored higher than volun-
teers not interested in it (W = 267.5, p < 0.05), in Fig. 8(a).
We also discovered that vaccinated volunteers demonstrated
a better knowledge of flu-related information than non vac-
cinated ones, thereby scoring higher in questions Q1, Q2,

1We exclude the demographic information D2, ‘‘In what country are you
currently in?’’, from this analysis as our sample size is too small.

FIGURE 7. Wordcloud of keywords volunteers used to answers to Q8 in
Table 1(b): ‘‘What is, in your opinion, the best method we have to prevent
flu spreading?’’

FIGURE 8. Boxplots of volunteers’ score depending on their answers to
selected demographic information in Table 1(a). We consider question
D6 about their interest in flu prevention, in panel (a), and question
D7 about whether they took the flu vaccine in the last 12 months,
in panel (b). For each boxplot, the red line is the median, the box delimits
the first and third quartiles, and the whiskers identify the minimum and
maximum values. The asterisk indicates that the two groups have
significantly different scores (p < 0.05).

and Q3 in Table 1(b) that are related with the administration
of the flu-shot (W= 390.0, p < 0.05), in Fig. 8(b).
Finally, we considered volunteers’ score as a function

of their educational level. In order to compare groups of
volunteers having similar size, we considered three differ-
ent educational levels: (i) volunteers who completed Mid-
dle or High School (18 individuals), (ii) volunteers who
obtained a Bachelor degree (23 individuals), and volunteers
who earned Master or PhD degree (15 individuals). Using
the Kruskal-Wallis H-test, we found that the educational level
significantly affected the total score reached in our question-
naire (W = 17.2, p < 0.001), in Fig. 9. By applying the
Mann-Whitney rank test, we documented that volunteers with
Master or PhD degrees scored significantly higher than vol-
unteers who completed Middle or High School (W = 223.5,
p < 0.01). Furthermore, volunteers with a Bachelor degree
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FIGURE 9. Boxplots of volunteers’ score depending on their educational
level, corresponding to question D6 in Table 1(a). For each boxplot,
the red line is the median, the box delimits the first and third quartiles,
and the whiskers identify the minimum and maximum values. The
asterisks indicate that groups have significantly different
scores (p < 0.001) .

scored significantly higher than volunteers who completed
Middle or High School (W = 352.5, p < 0.001). Boxplots
containing the total score as a function of the educational
level, aggregated as shown in Fig. 9, along with significant
p-values from the Mann-Whitney rank test are displayed
in Table 2.
We did not detect any other significant relationship

between volunteers’ background and score using the
Mann-Whitney rank test. Specifically, males’ score was com-
parable to females’ (W = 379.5, p = 0.97); volunteers
of different age scored similarly (W = 457.0, p = 0.28);
volunteers with a family member working as scientist or
health professional scored comparable to volunteers who had
no relatives in these fields (W = 379.5, p = 0.28); and the
willingness to vaccinate children did not impact the volun-
teers’ score (W = 246.5, p = 0.18).
We then examined whether StopTheSpread taught the best

practices to prevent flu spreading. To this end, we randomly
divided volunteers in a control group and a experimental
group. The sampled populations had similar demographic
traits. By applying the Mann-Whitney rank test, we found
that volunteers in the control and experimental groups has a

TABLE 2. Pairwise comparison between the total score gained by two
groups of volunteers having a different educational level.

indistinguishable age (W = 269.5, p = 0.91), educational
level (W= 314.0, p = 0.29), interest in flu prevention (W =
222.0, p= 0.14), rate of vaccinationwithin the last 12months
(W = 214.0, p = 0.17), desire to vaccinate their children
(W = 224.0, p = 0.31), fractions of scientists or health
professionals (W= 280.0, p= 0.68), and gender distribution
(W = 306.5, p = 0.33). In Table 9 in Appendix B-C,
we report volunteers’ demographic information by separating
control and experimental groups.

Our expectation was that volunteers in the experimental
group scored higher than volunteers in the control group.
We found that all volunteers in the experimental group cor-
rectly answered Q4, about how flu spreads in the population,
with a 20% increase in the average score with respect to
volunteers in the control group, whose average score is 0.84,
as shown in Fig. 10. However, we did not detect any signif-
icant difference between the experimental and control group
using the Mann-Whitney rank test (W = 306.0, p = 0.14),

FIGURE 10. Average score of volunteers in the control (gray) and experimental (black) groups. The ‘‘All’’
columns represent the average score for the entire activity. The average score in the Q7 column is
normalized to one by dividing it by six (maximum score for that question). Similarly, the average score in the
All column is normalized to one by dividing it by twelve (maximum score for the entire activity).
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TABLE 3. Information collected in the consent form.

because the control group had a high average score, close
to one. This ceiling effect may be due to the media cover-
age about COVID-19, which, as discussed in Appendix C,
increased the awareness of some flu-related concepts.

Non-significant differences were found using the Mann-
Whitney rank test when comparing the score of control and
experimental groups for other flu-related questions, as seen
in Fig. 10: Q1 (W = 220.0, p = 0.26), Q2 (W = 258.0,
p = 0.88), Q3 (W = 282.0, p = 0.65), Q5 (W = 250.0,
p = 0.63), Q6 (W = 302.0, p = 0.27), Q7 (W =
276.0, p = 0.81), and All (W = 274.0, p = 0.84).

IV. DISCUSSION AND CONCLUSION
In this article, we introduce StopTheSpread, a mobile appli-
cation that aims at teaching the best practices to prevent
flu spreading. StopTheSpread proposes games of increasing
difficulty to maintain the user engaged [11] and boost their
learning process [12]. Users are likely to be familiar to the
environments represented in these games (Hospital, Work-
place, and School), which introduce a social component in
StopTheSpread that, in turn, favors the users’ learning out-
comes [63], [64]. Also, StopTheSpread translates in the form
of a game the guidelines issued by the Centers for Disease
Control and Prevention and the World Health Organization,
thereby facilitating users’ understanding of their effectiveness
in a real-world environment [65].

In order to explore the effectiveness of StopTheSpread
in increasing awareness of flu prevention, we performed a
feasibility study during the worldwide COVID-19 confine-
ment. We recruited a total of 56 volunteers, randomly divided
into a control and a experimental group. Volunteers in the
control group constitute the baseline population on which
to test the learning value of StopTheSpread, whereby they
replied to survey questions without prior use of the app,
based on their own knowledge of flu prevention. Volunteers
in the experimental group were the only ones to interact with
StopTheSpread prior to answering to the survey questions.

A. DISCUSSION OF MAIN RESULTS
By analyzing the collected data, we found that volunteers
are more aware of flu-related concepts if they have a high
educational level (Bachelor degree or higher), or are inter-
ested in flu prevention. The relationship between volunteers’

TABLE 4. General demographic questions requiring an open answer.

TABLE 5. Question to assess the awareness in disease prevention
requiring an open answer.

TABLE 6. General demographic questions requiring a close-ended
answer.

knowledge and education as well as the relationship between
knowledge and interest are already established in the field of
disease prevention [66]–[70]. Also, we determined that vacci-
nated volunteers demonstrate a better knowledge about the flu
shot. Our result extends the findings of a previous study [71],
which identified a similar relationship but focused on health
care workers only. In contrast with a previous study [67],
we did not detect any score difference due to volunteers’
gender and age groups. The reasons for our disagreement with
the previous results may be due to differences in the studies’
design. In [67], the influenza A (H1N1) was considered,
while we focused on flu. Furthermore, in [67], the study was
mostly carried out in India, while our population was mainly
composed of volunteers in Italy and United States.

The comparative analysis between the score of volun-
teers in the control and experimental group only partially
answers our research question (that is, can StopTheSpread
increase the awareness of flu prevention?). We found that
StopTheSpread positively influenced the knowledge of how
flu spreads in the studied population because volunteers in
the experimental group always answered that question cor-
rectly, with a score 20% higher than volunteers in the control
group. This positive learning outcome was likely achieved
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TABLE 7. Questions to assess the awareness in disease prevention requiring a close-ended answer.

by representing the flu spreading using networks, which
are a powerful tool to provide entertaining and explanatory
visualizations [72], [73].

The knowledge of other flu-related concepts, however, was
similar between volunteers in the experimental and control
groups. A possible reason for our inconclusive results is that
the teaching capabilities of StopTheSpread were assessed
only online, which poses greater challenges than in person
learning [74], [75]. Another factor that may partially hide the
teaching capabilities of StopTheSpread is the massive media
coverage about COVID-19 done during our data collection.
It is well known that media coverage influences public opin-
ions [76], [77]: here, we offer evidence that the COVID-19
coverage positively influenced the volunteers’ knowledge of
how flu spreads, how to become immune from flu, and what
is the incubation period.

B. LIMITATIONS AND FUTURE IMPROVEMENTS
Themain limitation of the study is the number of participants,
which is only 56 (44 in the control group and 12 experimental
group) out of approximately 70,000 people reached through
electronic means (Facebook, Twitter, and emails). The mod-
est rate of conversion from individuals reached to volunteers
in the study of 0.1% may be due to the overload of infor-
mation regarding epidemic diseases during the worldwide
confinement period, when this study was performed, along
with the prioritization of their online time allocation toward
learning about specific COVID-19-related topics. The results
of our feasibility study should be regarded as a stepping stone,
upon which to deploy over a wider population. We recom-
mend such a deployment to occur when the threat posed by
the pandemic will be limited. Not only it is presently difficult
to advertise any learning activity on epidemics online, but
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also it is challenging to capture people interest in general
flu-related topics.

Although the groups were homogeneous with respect to
a wide range of demographics traits, the control group was
much larger than the experimental group. The lower partici-
pation in the experimental group can be explained by observ-
ing that volunteers in the experimental group first interacted
with StopTheSpread, then answered survey questions, while
volunteers in the control group performed the activities in
the opposite order. Thus, volunteers in the control group
might have decided to not install the mobile application after
having answered the survey questions. Experimental biases
are common in the scientific literature [78]–[80] and an
in-person assessment of StopTheSpread could have favored a
balanced participation between volunteers in the control and
experimental groups because all participants would download
the mobile application.

C. CONCLUSION
Overall, our results suggest that the awareness of the best
practices to prevent flu spreading depends on the volunteers’
background, in particular on their educational level, inter-
est in flu prevention, and prior vaccination history. Also,
we found that all volunteers interacting with StopTheSpread
improved their awareness about the spreading mechanism of
flu, scoring 20% higher than the baseline population.

ETHIC STATEMENT
The experimental protocol was approved by the insti-
tutional review board (IRB) at New York University
(IRB-FY2019-3328).

CODE AVAILABILITY
The source code for the Android and iOS versions are avail-
able upon request. The anonymized survey data and the code
used to analyze them are available at [81].

APPENDIX A
PARAMETERS VALUE
Although parameters used in the mobile application
StopTheSpread are inspired by empirical studies, their exact
value is set for entertainment purposes only. Specifically,
games have increasing difficulty to maintain user engage-
ment [11] and to boost their learning process [12]. In harder
games, users should find it more difficult to halt the spread-
ing. In fact, in the Hospital system (the easiest game) users
can halt the disease transmission using a maximum of six
preventing actions per day (that is, two vaccinations), while
in the Artificial system (the hardest game) users have only
a maximum of three actions. Also, the probability that an
individual changes its state varies in different games. For
instance, infected individuals spontaneously become sus-
ceptible (healthy) again with probability µ = 0.45 in the
Hospital system, while this event is less likely in the Artificial
System, where this probability is µ = 0.2.

TABLE 8. Answers to all general demographic questions.

a: HOSPITAL SYSTEM
• # individuals in the system: 20.
• # interactions between individuals: 29.
• # initial infected: 2.
• # individuals who cannot be vaccinated: 1.
• # isolation actions per day: 2.
• # changing the behavior actions per day: 2.
• # vaccination actions per day: 2.
• Spontaneous transitions: β = 0.1, α = 0.1, ω = 0.75,
µ = 0.85, and δ = 0.45.

• Transitions due to an interaction: λ = 0.1, and η = 0.1.

b: WORKPLACE SYSTEM
• # individuals in the system: 25.
• # interactions between individuals: 31.
• # initial infected: 4.
• # individuals who cannot be vaccinated: 2.
• # isolation actions per day: 2.
• # changing the behavior actions per day: 2.
• # vaccination actions per day: 2.
• Spontaneous transitions: β = 0.1, α = 0.1, ω = 0.25,
µ = 0.5, and δ = 0.45.

• Transitions due to an interaction: λ = 0.45, and η = 0.1.
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FIGURE 11. Time series of the ‘‘search interest’’ parameter in Google Trends [82] over the past year for
five selected keywords: ‘‘Flu shot,’’ ‘‘Flu shot available,’’ ‘‘Flu immune,’’ ‘‘Flu spreading,’’ and ‘‘Flu
incubation period’’. The search interest quantifies the popularity of the keyword in a given moment in
time, where, for instance, the value 1 is the peak popularity in the time window considered and 0.5
represent half of the popularity of the peak. Week 0 represents the week started the 13th of April 2020,
while, for instance, Week −10 corresponds to ten weeks prior to Week 0.

c: HIGH SCHOOL SYSTEM
• # individuals in the system: 35.
• # interactions between individuals: 29.
• # initial infected: 4.
• # individuals who cannot be vaccinated: 2.
• # isolation actions per day: 2.
• # changing the behavior actions per day: 2.
• # vaccination actions per day: 2.
• Spontaneous transitions: β = 0.1, α = 0.1, ω = 0.25,
µ = 0.5, and δ = 0.45.

• Transitions due to an interaction: λ = 0.45, and η = 0.1.

d: PRIMARY SCHOOL SYSTEM
• # individuals in the system: 19.
• # interactions between individuals: 30.
• # initial infected: 4.
• # individuals who cannot be vaccinated: 3.
• # isolation actions per day: 1.

FIGURE 12. Boxplots of volunteers’ score in questions related with the flu
shot (Q1Q2Q3) and in questions related to flu spreading, flu
immunization, and the incubation period (Q4Q5Q6). For each boxplot,
the red line is the median, the box delimits the first and third quartiles,
and the whiskers identify the minimum and maximum values. Asterisks
indicate that the two groups have significantly different scores (p
< 0.001).

• # changing the behavior actions per day: 1.
• # vaccination actions per day: 1.
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TABLE 9. (a) Answers to all general demographic questions of the volunteers in the control group only. (b) Answers of the volunteers in the experimental
group only.

• Spontaneous transitions: β = 0.1, α = 0.1, ω = 0.25,
µ = 0.5, and δ = 0.45.

• Transitions due to an interaction: λ = 0.45, and η = 0.1.

e: ARTIFICIAL SYSTEM
• # individuals in the system: 40.
• # initial infected: 4.
• # individuals who cannot be vaccinated: 3.
• # isolation actions per day: 1.
• # changing the behavior actions per day: 1.
• # vaccination actions per day: 1.
• Spontaneous transitions: β = 0.1, α = 0.1, ω = 0.25,
µ = 0.2, and δ = 0.45.

• Transitions due to an interaction: λ = 0.45, and η = 0.1.

APPENDIX B
ADDITIONAL INFORMATION ABOUT THE DATA
COLLECTION
A. CONSENT FORMS
In Table 3, we list the information collected from the consent
forms. Here, volunteers cannot skip any question because all
information collected have critical importance in the study.
In particular, when volunteers see the symbol ‘‘***’’ on top

of the symbol ‘‘???’’, they are assigned to the experimental
group, while volunteers in the control group see the symbols
in the reversed order.

B. SURVEY QUESTIONS
In Tables 4, 5, 6, and 7, we list all the questions in our
study. General demographic information is collected through
the questions in Tables 4 and 6, while the awareness of the
best practices to prevent flu spreading is assessed through the
questions in Tables 5 and 7. Volunteers give an open answer
the questions in Tables 4 and 5, while they decide amongst
possible choices for the questions in Tables 6 and 7.
The email address is the only mandatory information in

the survey questions. We have to match the answers of the
volunteers between the consent form and the survey questions
to properly assign volunteers in either the control or experi-
mental group. Answering the other questions is optional and
their order randomized.

C. ANSWERS TO GENERAL DEMOGRAPHIC QUESTIONS
In Table 8, we report the answers to all general demographic
questions. We remind that we treat ‘‘Yes’’ as a affirmative
answer and, ‘‘Maybe,’’ ‘‘I do not have children,’’ and ‘‘No’’
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as negative answers. In Table 9, we list the answers of the
volunteers by separating control and the experimental groups.

APPENDIX C
INFLUENCE OF THE WORLDWIDE QUARANTINE AND
COVID-19 MEDIA COVERAGE TO THE VOLUNTEERS’
KNOWLEDGE IN FLU PREVENTION
In order to provide an explanation on why some flu-related
concepts have a higher score than others, as shown in Fig. 10,
we analyzed Google Trends data [82]. We considered the
worldwide ‘‘search interest’’ parameter (that is, the world-
wide popularity of the search) over the past 52 weeks.
We found different peaks in the popularity of selected key-
words, as shown in Fig. 11. The keywords ‘‘Flu shot’’
and ‘‘Flu shot available’’ (related with Q1, Q2, and Q3 in
Table 1(b)) have a peak at the beginning of October 2019,
in correspondence of the beginning of the flu season. The
keywords ‘‘Flu immune,’’ ‘‘Flu spreading,’’ and ‘‘Flu incu-
bation period’’ have a peak at the beginning of March 2020,
in correspondence of the worldwide quarantine (related with
Q4, Q5, and Q6 in Table 1(b)). Volunteers taking the survey in
April-May 2020 were likely to have forgotten the information
collected in October 2019, while they still remembered what
they searched in March 2020. Therefore, it is tenable that
volunteers correctly answered Q4, Q5, and Q6, more than
questions Q1, Q2, and Q3. By applying the Cliff’s delta
and Wilcoxon signed-rank test, we confirmed this claim by
comparing the volunteers’ score in answering to the two
set of questions, finding an agreement with our expectation
(d = 0.51, W = 66.5, p < 0.001; Fig. 12).
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