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Abstract: In this article, we analyze the spread of information on social media (Twitter) and purpose
a strategy based on epidemiological models. It is well known that social media represent a strong tool
to spread news and, in particular, fake news, due to the fact that they are free and easy to use. First, we
propose an algorithm to create a proper dataset in order to employ the ignorants—spreaders-recovered
epidemiological model. Then, we show that to use this model to study the diffusion of real news,
parameter estimation is required. We show that it is also possible to accurately predict the evolution
of news spread and its peak in terms of the maximum number of people who share it and the time
when the peak occurs trough a process of data reduction, i.e., by using only a part of the built dataset
to optimize parameters. Numerical results based on the analysis of real news are also provided to
confirm the applicability of our proposed model and strategy.

Keywords: information spread; fake news; ISR model; mathematical modeling; epidemiological
models; parameters estimation; data reduction

1. Introduction

Social media have become a great tool for the dissemination of information, especially
if we consider the dissemination of fake news. They are easy to use and free, and for this
reason, in some cases, they are the main source of information. Therefore, it is important
to understand not only how news spreads on social media but also the period of time
when a news story is popular or the moment when the peak of maximum popularity of
the news item occurs. For example, for a company that produces technological devices, it
can be advantageous to predict when there will be maximum interest in a topic on social
networks in order to launch a new product at the right time, maximizing earnings. Similarly,
with respect to fake news, these factors are also fundamental, since predicting the peak
of diffusion of fake news allows us to apply countermeasures to block such content (see
more details in [1]). Fake news can be crucial for the outcome of some political decisions
or social events, such as the American presidential elections of 2016 or Brexit, as shown
in [2]; therefore, a good way of analyzing fake news is required.

Several models are available to study the spread of information, including suitable epi-
demiological models based on ordinary differential equations [3-13], models based on partial
differential equations [14-18] and models based on stochastic differential equations [19-21].
In this work, in particular, we consider models based on ordinary differential equation
systems that are also used in mathematical epidemiology to study the spread of an epidemic
(for more epidemiological models and details of models used in mathematical epidemi-
ology, see [22]). Research activity on epidemiological models is widespread and does
not only concern the construction of models capable of characterizing the actual spread
of epidemics but also the derivation of numerical methods that are able to preserve the
fundamental features of the related exact solution, such as the equilibrium point properties,
are important for locating and analyzing peaks; positivity [23-27]; the oscillation frequency
(if any) [28,29]; and inherent conservation laws [30-32].
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In mathematical epidemiology, there are different kinds of models based on ordinary
differential equation systems, including:

*  ”Ode systems-based models” that divide the population into different classes named
according to the state in which various individuals find themselves, such as susceptible,
infected, dead, recovered, etc. Each equation of the system describes the evolution of
these classes;

*  Stochastic models that use stochastic differential equation systems;

*  Models with delay that use delayed differential equations in order to consider the
incubation period of a virus.

In this paper, we consider models of the first class by treating news as a virus and
studying its evolution through ordinary differential equations systems. Consequently,
to archive our goal of predicting the trend of news and its peak, we have to find both the
right model and the best possible set of parameters for it in order to obtain the most realistic
result that fits the real data that we collected from social media site “Twitter” using the
tools shown in the next section. Moreover, we also want to understand if there are some
common points that characterize the diffusion of different kinds of news. One relevant
aspect to take into consideration, as underlined in [2], is that a key role is played by the
grade of access to the Internet of the population. Countries with the highest grade are
more vulnerable to the spread of fake news. However, this cannot be the only reason.
There are also other important factors, such as the person (or the group of persons) who
shares the news first or the period of time when the news is popular, which could have a
considerable impact on the grade of the news diffusion, as we show in the section dedicated
to numerical experiments.

The paper is organized as follows. In Section 2, we present some epidemiology-
based information spread models in order to describe the model that we propose and the
reasons behind this choice. In Section 3, we explain the materials and methods used for
data acquisition and numerical tests, starting with an explanation of why we decided to
analyze Twitter and not another social network. Moreover, we provide a brief description
of the main news that we followed and analyzed, and we also propose strategies to
obtain optimized parameters. In Section 4, we present the main outcomes of numerical
experiments and a brief discussion thereof, confirming our thesis, while the final Section
comprises concluding remarks.

2. Epidemiology-Based Information Spread Models

As anticipated, there are different ways to study the spread of information on social
networks, among which we considered the epidemiological ones. From a mathematical
point of view, there is an analogy between describing the evolution of an epidemic and the
process of dissemination of information. An epidemic spreads by affecting the majority
of the population, (as occurred, for example, with the COVID-19 pandemic in 2020);
likewise, news can be compared to a contagious virus spread by all those who share it on
social networks. We consider epidemiological models based on ODEg systems that study
epidemics by dividing population in different classes. Such models comprise different
types: from the easiest one, the SI (susceptible-infected) model, that takes into consideration
only susceptible individuals who can be infected and infected individuals (see [22] for
more details), to more complex models that involve dead, recovered, hospitalized and
quarantined individuals, etc. With the aim of studying information diffusion on the web or
on social media, we chose classes of individuals taking into account the available data in
order to validate the model using real data.

Hence, we focused on models that were developed to study epidemics but that can
be easily adapted to describe the dissemination of information or models that have some
characteristics in common with epidemic models but that were developed explicitly to
study information spread, i.e., the ISR (ignorants spreaders recovered) model and the IESZ
(ignorants exposed spreaders skeptics) model ([10-12,33]). Before introducing these two
models, a brief explanation of the terminology used in this paper is required.
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In epidemiology, there is a lot of models with similar names, such as the SIR (sus-
ceptible infected recovered) model introduced in 1927 by Kermack and McKendrick in
their work called “A contribution to the mathematical theory of epidemics”. However, here,
the notation is different. In the case of the SIR model, the population is divided into three
different classes, which are described as follows:

*  5(t),1i.e., susceptible class: the class of people who can be infected;
* I(t), i.e., infectious class: the class of people who are infected;
e R(t),i.e., recovered class: the class of people who have recovered from disease.

In our case, although we can use the word “susceptible” to refer people who can
see a tweet containing news, the word “infectious” to refer to people who saw the news
and decided to share it, and the word “recovered” to refer to people who recovered because
they lost their interest in the news or because they do not believe in that news anymore. It
is more appropriate to apply some changes to the notation by considering the ISR model,
which refers to three different classes of the population as follows:

e I(t), i.e, ignorant class. This group plays the role the susceptible class, because its
members are all users of the social network who can see the news, but they have not
seen it yet, so they ignore it;

*  5(t), i.e, spreader class. This group plays the role of the infectious class because its
members are the users that spread the news, exactly as infected individuals can spread
a disease during an epidemic;

e R(t),ie, recovered class. This group plays the role of the recovered class, such as in the
SIR model of epidemics; they are individuals who do not spread the news anymore.

Using the previous notation, we introduce the following parameters:

e  B: the news spreading rate;

* 7 the recovery rate;

*  k: the average number of connections among individuals;
*  N: the population size.

The model is obtained as follows [11]:

I/(t) _ ﬁkl(;\;s(t)

§/(t) — BL0SD _ piss(y )
kS(t)S
R(t) =2 (Iil) (t)

The dynamics of interactions of the three classes of the population are represented by
the following graph (Figure 1):

Bk o vk

Figure 1. Graph of the ISR model.

As we previously anticipated, there are many other models that can be used to describe
news spread. An example is the IESZ model, which, contrary to the ISR model, was
developed to study the spread of information, although it is an ODE system-based model,
like the previously discussed model.

It divides the population into four classes as follows:

e I(t),ie. ignorant class. As in the ISR model, this group represents the class of people
that can see the news;

e E(t),i.e., exposed class. The class of people who have been exposed to the news but
have not yet shared it;

*  5(t),ie., spreader class. The class of people who spread the news;

e Z(t),i.e., skeptic class. The class of people who saw the news but choose to ignore it.
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As before, to formulate the model, we have to introduce some parameters, taking into
account that a “contact” between two individuals occurs when one of them reads a tweet
or a comment of the other. Therefore, we introduce:

*  w: the contact rate between a member of the ignorant class and a member of the
spreader class;

* b the contact rate between a member of the ignorant class and a member of the
skeptic class;

*  p: the probability of transition from the ignorants class to the spreader class after a
meeting between a member of the former class with a member of the latter class;

¢ [: the probability of transition from the ignorants class to the skeptic class;

¢ p: the contact rate between a member of the exposed class and a member of the
spreader class;

* e the transition rate from the exposed class to the spreader class;

*  N: population size, which is the sum of the sizes of each class.

The following graph (Figure 2) summarizes all the parameters and the possible
transitions from one class to another.
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Figure 2. Graph of the IESZ model.
The model is obtained as follows [10]:
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As we can see, there is not a direct transition from the class of ignorants to the class
of exposed individuals. In fact, a member of the class of ignorants can see the news in the
form of a tweet; then, he can encounter a member of the class of spreaders and become
exposed with a probability of (1 — p) if he does not share the news, or he can become a
spreader himself if he chooses to share the news, with a probability of p. On the contrary,
if he reads the news but does not show any particular reaction, he transitions to the skeptic
class, with a probability of I, while if he believes in the news, even after a period of time
but he does not share it, he passes to the exposed class, with a probability of (1 —1).
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Populations

An application of these two models can be seen in Figure 3, where, on the left, we
report the plot of the solution of model (1) in correspondence with example parameters:

B=02 7=03 x=12 3)

while on the right, we present the solution of model (2) in correspondence with example
parameters:
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Figure 3. Time evolution of the ISR model and IESZ model with parameters (3) and (4), respectively.

We observe that the two models are very different. Not only the dynamics differ
among the different populations, but the results that we obtain if we use the two models
to predict the evolution of a news item also differ. Indeed, the ISR Model foresees the
transition from the class of ignorants to that of spreaders, then to that of recovered, so the
spreaders function (S(t)) is, at first, an increasing function; then, it reaches a maximum
inside the interval under consideration, and finally, it decreases. This characteristic of
the model allows us to predict the peak of the spread, enabling a quantitative estimation
of the period of time when the news is popular. Instead, the IESZ model considers only
transitions from the exposed or ignorant class to the spreader class and from the ignorant
class to the skeptic class. Therefore, someone who is a spreader will remain in this class
forever, and S(t) is an increasing function. For this reason, this kind of model can be used
to describe news that is popular for a short period of time, but it is not suitable for making
the predictions we are interested in.

There is also another disadvantage of the IESZ Model. Using the tools described in
Section 3, after obtaining data from Twitter related to users who have shared a particular
news item in a given time interval, we have to organize them creating the different classes
that we want to analyze. Given a finite number of instances of time in the assigned time
interval, it is possible to construct vectors containing the number of individuals belonging
to each of the classes, such as ignorants, spreaders or recovered, but this is not possible
for the exposed class, which is the class of people who saw the tweet containing the
news but who have not shared it yet. It is not possible to establish exactly how many
people are in this class. The same disadvantage occurs for other models, such as the SEIR
model (IESR if we want to use the new notation) of epidemics that considers the classes
of susceptible, infectious, exposed and recovered individuals. Other models, such as the
ISI model (ignorants spreaders ignorants model) or the ISRI model (ignorants spreaders
recovered ignorants model), require a long observation period, so they are recommended
for periodical news, but they are not useful for news that spreads only once [3]. For all
these reasons, we decided to focus our attention on the the ISR model.
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3. Data Acquisition and Parameter Estimation

In order to analyze the diffusion of information on social media, as a first step, we
collected real data. Unlike other scientific fields, where there datasets are organized and
directly available on the Web, in this case, we obtained these data from a chosen social
network; in particular, we focused our work on Twitter. The motivation of this choice
relies on the fact that it is possible to collect data by using tools such as the official Twitter
portal called the “Twitter Developer Option” [34] and Python data scraper “Tweepy” [35].
In this way, we obtained information of different kinds about Twitter users who shared
the searched news item, such as Twitter ID, mentions, Twitter username, the number of
followers, etc. In particular, for the work that we describe herein, we needed the date of
creation of the tweet in which we were interested and the username of the users who posted
it. We analyzed the diffusion of a news item by following the trends of a “hashtag”. Data
analysis was performed by searching for news with a specific hashtag or with a specific
group of keywords. This aspect can be improved, as in some cases, there are tweets with
a particular hashtag whose topic is not related to the hashtag itself. After collecting data,
starting from the algorithm described in [11,12], we wrote an algorithm, which is reported
as Algorithm 1, that allowed us to classify individuals as ignorants, spreaders or recovered.

Algorithm 1 Constructing ISR vectors from Twitter data.

1: I < Ignorant Population

2: S < Spreader Population

3: R <~ Recovered Population

4: t < First Data of dataset

5: teng < Last Data of dataset

6: toyit < Time to pass from spreaders to recovered
7. for each user do

8: to < first time this user tweeted
9: t1 < last time this user tweeted
10: end for

11: loop

12: if t <ty then

13: I+ 1+1

14: E4—t+ Loyt

15: go to loop

16: else

17: if tg <t <t + toyi then

18: S+ 5+1

19: [
20: go to loop
21: else
22: ift) <t < tpg+ teyis then
23: R+ R+1

24: Fi b bt

25: go to loop

26: else

27: close loop

28: end if

29: end if

30: end if

In particular, the algorithm puts each user is in the ignorant class before the time
instant (fg) in which he publishes his first tweet. At this point, the user becomes part of the
class of spreaders. t; denotes the time instant at which the user publishes their last tweet
relating to the news under consideration. The user passes into the recovered class at time
instant ty + t,y;;. As readers can imagine, the time required to pass from one compartment
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to another (t,y;;) depends on the news that we are following. To build the dataset, it
is necessary to organize data using different transition times from the state of spreader
to recovered.

For our research purposes, t..;; was empirically selected through a series of tests
by taking the following factors into account:

1.  News popularity: the degree of popularity or attention received by the news;

2. Time range: the duration of time taken into consideration;

3. Number of tweets posted within the selected time range;

4.  The level of influence or popularity of users within the network who share the
analyzed news.

3.1. Case Studies

First of all, let us introduce and provide some details about the news that we analyzed.
We considered different kinds of news or rumors related to different topics that have
trended during the last two years (during different periods of time) so that the of number
of corresponding tweets to be analyzed was sufficiently high to justify modeling through
an epidemiological model.

In particular, we analyzed trends that are news or rumors related to the following topics:

®  The death of the Queen of the United Kingdom and other Commonwealth realms,
Elizabeth II;

®  The release of chapter number 1000 of the famous Japanese manga One Piece;

®  The release of singer Taylor Swift’s new album, Midnights;

e The DCBlackout [10] rumor, which is related to an interruption of communication in
Washington, D.C., due to Black Lives Matter Movement manifestations;

*  The rumor related to the release of the movie Spiderman 4 on 3 May 2024 with the
participation of the leading actor in other Spiderman movies from 2002 and 2007, Tobey
Maguire. The rumor was spread by a user who used the name “Tobey Maguire” as his
Twitter name and the same profile photo as the actor.

Some details about the data extracted from Twitter corresponding to the selected case
studies are summarized in the following table (Table 1):

Table 1. Details of the dataset.

Event Date (d-m-y) Duration Scraped Tweets Type Hashtags
#queenelizabeth,
Death of #queenelizabethll,
cath o Queen 8 September 2022 2 days 485,011 News #RIPqueenelizabeth,
Elizabeth II .
#RIPqueenelizabethl],
#godsavethequeen
One Piece 1 March 2021 2 days 16,537 News #onepiece
Taﬁgﬂ?glit s 21 October 2022 6h 106,716 News #MidnightsTaylorSwift
DCBlackout 1 June 2020 2 days 33,117 Rumor #DCBlackout
SpiderMan4 4 November 2022 10h 7341 Rumor #spiderman4

3.2. Parameter Estimation

The news items presented in Section 3.1 are various in terms of type (i.e., if they
are true or rumors), number of data points collected, duration of diffusion and topic
(we included news regarding politics, music and movies), and it is not easy to estimate
parameters that fit real data in advance based only on these characteristics. Therefore,
for each news item, a different set of estimated parameters was obtained. To this end, we
employed the built-in Isgnonlin MATLAB function, which solves non-linear least squares
problems. We used this function to find the set of parameters that minimizes a function; in
this specific case, the function that computes the error between real data and approximated
data. In particular, Isqnonlin allows users to choose between two different algorithms:
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the “Levenberg—Marquardt algorithm” and the “trust region reflective algorithm”. We used the
second algorithm because it allows the user to choose an initial approximation, a lower
bound and an upper bound for the vector of parameters that has to be optimized. In this
way, it is possible to avoid the probabilities of some parameters becoming negative.
Hence, the proposed and implemented strategy consists of the following steps:

1. Choice of a lower bound and an upper bound for the parameters to be optimized,
i.e, B, v and k in the (1), and, possibly, the starting number of individuals belonging
to each class (I, Sg and Ry);

2. Choice of a random initial approximation (inside the interval identified by the lower
and upper bounds) for the set of parameters to be optimized;

3.  Computation of the function to be minimized, which measures the error between
the real data and the data computed by solving system (1) (ODEjg) with the built-in
ode45 MATLAB function. This error is computed by considering the entire dataset of
real data or a part of it (built as Algorithm 1) and the solution of the ODEg system
computed using parameters previously described. Therefore, if I, S and R are the
vectors of real data so that I i S i and R]- are the real numbers of ignorants, spreaders
and recovered individuals at time ¢;, respectively, and I(t;), S(t;) and R(t;) are the
corresponding data computed by solving system (1), we compute the function to be
minimized using the following formula:

n n

(L —1(t)*+ Y_(S; = S())* + Y_(R; — R(t}))?

j=1 =1 j=1

1=

f(ﬁr Y K) =

where 7 is the total number of data points taken into consideration;

4. Minimization of the obtained error by means of the built-in Isgnonlin MATLAB func-
tion and gain of the optimized parameters;

5. Use of the optimized parameters to solve the ODEs system (1) in order to obtain a
good approximation of the real data.

4. Results and Discussion

In this section, we provide a numerical demonstration of the proposed strategy, show-
ing that using the right model and a good parameter estimation method, it is possible to
both rebuild the evolution of news spread on a social network and to predict the evolution
of this spread, even using few data points. Moreover, we underline the importance of
accurate prediction of the peak of maximum diffusion of a news item, confirming our
arguments. The model used for all numerical tests is the ISR model, as described in (1).

First, we analyze the diffusion of a news item using the entire dataset for parameters
estimation. In this case, we minimize the error of all data in order to obtain the set of
optimized values for the parameters 8, v and «. The results are shown in Figure 4, where
we show both real data obtained from Twitter using red markers and the curve obtained
by solving the ODE; system using a black line. Also note that the x-axis label shown in
parentheses is the time unit used for data collection.

In Table 2, we report different parameters for each news item. First of all, we report
the interval of time (f.y;;) that, as explained in Section 3, we consider as the exit time from
the “spreader” class to the “recovered” class if an user does not publish any other tweets
containing the news item. Then, we report the time (f,) when the peak of the spread occurs,
considering both the real peak and the estimated peak. Finally, we report the relative error
in the computation of the peak, which allows us to measure how accurate the prediction is.



Algorithms 2023, 16, 391 9of 15

<104 Death Of Queen Elizabeth Il One Piece
6 : : 3000 T : ;
@
H
5 1 2500
4t E 2000
24 2
@ [
o el
5 3r 1 5 1500
Q. Q
4] %]
2r 1 1000
1F ] 500
0 . . . . 0 . . . . . . . .
0 1000 2000 3000 4000 5000 0 200 400 600 800 1000 1200 1400 1600 1800
Time (1 min) Time (1 min)
Midnights Taylor Swift DCBlackout
18,000 T T T 7000 T
16,000 | @ . il
3 6000 F i i
BAY
14,000 - - .
: \ 5000 1
12,000 . \ J
(2 ‘ ..* (2
& 10,000 . 3y . 3 4000 : 1
ksl ] el :
g . : 3] H
o . Y e :
& 80001 . Y ] & 3000 : 1
6,000 - i 8 H
2000 - § 1
4,000 - 1 i
1000 - 1
2,000 - 1
0 \ \ \ \ \ \ 0 . . ; :
0 50 100 150 200 250 300 350 400 0 500 1000 1500 2000 2500 3000
Time (1 min) Time (1 min)
SpiderMan4
2500 T T
2000 - 1
» 1500 - ]
5]
el
©
Qo
Q.
@ 1000 8
500 b
0 . . . . , !
0 200 400 600 800 1000 1200 1400

Time (30 s.)
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Table 2. Results of peak estimation.

Event toxit t, Estimated 2, Relative Error
Death of Queen .
Elizabeth II 15 min 292 302.63 0.0364
One Piece 2 min 235 269.59 0.1472
Taylor Swift’s .
Midnights 15 min 135 135.16 0.0012
DCBlackout 60 min 150 175.09 0.1672
SpiderMan4 30s 200 205.49 0.0275

Considering these results, we can say that using all data, we were able to achieve an
approximation of the diffusion of the news that is sufficiently accurate, particularly if we
consider the time of the peak of the diffusion. However, in some cases, for example, the case
of the news regarding the death of Queen Elizabeth II or the rumor spread with hashtag
#DCBlackout, we were able to accurately predict the time of the peak but with a underesti-
mation of size of the spreader class at that time.

Moreover, there is another aspect that is necessary to take into consideration. In real life,
the peak of the diffusion of news occurs in a relatively short period of time. For examples,
for the news regarding the death of Queen Elizabeth II, the real peak occurs at time
292 (of the graphic). This means that it happens 292 min (approximately 5 h) after the
beginning of observation of the event. Similarly, for the rumor spread with hashtag
#spiderman4, the peak occurs after 100 min (approximately after an hour and an half). This
means that if we want to know the peak of a news item in advance, before it happens in
reality, we have to observe the event only for a short period of time to be able to predict
its evolution starting from the limited data available at the moment of observation. For
this reason, in the following part of this section, we show the results obtained considering
only a part of the dataset. In our tests, we used as few data points as possible in order to
minimize the error between real data and computed data, obtaining a set of optimized
parameters, while the rest of the dataset was used to prove that the prediction made with
the obtained parameters was still correct. Moreover, unlike the previous case, when we
used all of the dataset, we decided to include the initial number of ignorants and spreaders
in the optimization process, while the initial number of recovered class members was set to
0 in all cases because at the beginning, there is nothing to recover from. The prediction on
the number of spreaders is shown in Figure 5, with green markers underlining data used
for the fitting phase and red markers representing data used to validate the model.

As we can see from Figure 5, using fewer data, we also achieved an accurate result,
which, in some cases, is also better than the results obtained with more data shown in
Figure 4 in terms of estimation of the time of the peak (t,) and the number of spreaders
at the peak. This may be explained by the fact that minimizing the error between real
data and output data, we aimed to produce the best fit during the entire period of study.
However, in this way, the error of the final data affects the parameter estimation so much
that the estimated peak of the maximum spread is negatively affected. An example can be
made considering the trend of the news related to Queen Elizabeth’s death or considering
the trend of the two rumors. Using all data for the fitting phase, we obtained an underesti-
mation of the number of spreaders at the time of the peak, whereas using fewer data and
focusing only on the beginning of the information spread, we obtained a good estimation
of the values for the peak, both in terms of time and the number of total spreaders.

In particular, Table 3 shows the results obtained for peak estimation and the corre-
sponding obtained error, using the values reported in Table 1 as values for the duration
period and the same values shown in Table 2 for the values of t,,;; of each news item.
The time (tf;;) in Table 3 represents the time interval corresponding to the data used for the
estimation of parameters.

We can also make a comparison between the results obtained in the case of the fitting
phase performed using the entire dataset and the results obtained with the fitting phase
performed using fewer data and the number of initial ignorants and spreaders optimized.
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The results are shown in the following tables (Tables 4-6), reporting the values of model
parameters using the entire dataset for the fitting phase or fewer data. The results of
the prediction of the maximum number of spreaders using all data and the results of the
maximum number of spreaders using fewer data are also reported.
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Figure 5. Spreader prediction obtained using fewer data for parameter estimation. Green marker (*):
data used for the fitting phase. Red marker (o): data used for model validation. Black line: estimated
number of spreaders. Blue marker (o): maximum number of estimated spreaders. Black marker (o):

maximum number of real spreaders.
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Table 3. Results for the peak estimation using fewer data.

Event trit t, Estimated 2, Relative Error
Death of Queen
Elizabeth II 124 292 289.00 0.0103
One Piece 75 235 199.06 0.1530
Taylor Swift’s
Midnights 75 135 125.13 0.0731
DCBlackout 52 150 143.54 0.0431
SpiderMan4 59 200 252.22 0.2611
Table 4. Values of model parameters for the first strategy (all data used for the fitting phase).
Event B 0% K
Death of Queen Elizabeth 1T 0.153463878328834 1.02393738655116 0.195770170416092
One Piece 0.198124671775847 0.532629600626445 0.113619513008026
Taylor Swift’s Midnights 0.444216647629681 0.823325900401598 0.125904515289138
DCBlackout 0.127744561954384 0.286654749230175 0.358841966601127
SpiderMan4 0.410490456996288 1.106571906515240 0.100000063575436
Table 5. Valuesof model parameters for second strategy (fewer data used for the fitting phase).
Event B 0% K
Death of Queen Elizabeth II 0.541078205848684 2.12886024675943 0.0592169183830037
One Piece 0.0919624956640816 0.271256024892648 0.32997392156807
Taylor Swift’s Midnights 0.119443419484832 0.17979093995445 0.512263317095459
DCBlackout 0.0469306748441707 0.0657201832547797 1.22327435650595
SpiderMan4 0.041648371956623 0.07954719564129 0.815615022612782
Table 6. Totalnumber of spreaders using the first strategy (all data used for the fitting phase).
Event Maximum Spreader Value Approximated Maximum Relative Error
p Spreader Value
Death of Queen Elizabeth II 56,344 38,387.0 0.3187
One Piece 2387 2547.2 0.0671
Taylor Swift’s Midnights 16,230 14,266.0 0.1210
DCBlackout 6907 5214.5 0.2450
SpiderMan4 2003 1517.2 0.2425
In the following table (Table 7), due to the fact that we also optimized the number of
initial ignorants and spreaders, these optimized values are inserted.
Table 7. Totalnumber of spreaders using the second strategy (fewer data used for the fitting phase).
. Approximated
Event Initial Ignorants Initial Spreaders S Maximum Maximum Relative Error
preader Value S d
preader Value
Death of Queen Elizabeth I 51,403 1191 56,344 57,038.0 0.0123
One Piece 10,000 95 2387 2394.4 0.0031
Taylor Swift’s Midnights 11,264 654 16,230 16,112.0 0.0073
DCBlackout 10,000 26 6907 6900.7 0.0009
SpiderMan4 10,000 36 2003 1887.3 0.0578

As we can see, the difference in the obtained values is not considerable, although it
may be significant if we really want to predict the trend of a news item with few available
data points.

Moreover, parameter estimation is more accurate with more available tweets. Obvi-
ously, tweets can be downloaded only from non-private Twitter accounts, so this means
that the kind of news is relevant because the number of available tweets is higher for
international news than for news or rumors that spread locally.
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At the same time, this factor underlines that our strategy to predict trends of news or
rumors, emphasizing the importance of good computation of the peak of the maximum
spread and not only the entire evolution of the trend during the course of time, is efficient
and truly applicable. This is even more evident if we consider that in real life, we will
probably not have the time to study a news item for a long period of time, waiting for
the acquisition of more data before it happens. Moreover, some improvements could be
achieved in terms of the kind of model used for predictions. As shown in [36], a better
prediction of the peak of the number of spreaders could be obtained by raising the order of
the differential equation system.

5. Conclusions

In this work, we analyzed the use of the ISR model to study the spread of information
on Twitter. We tested it on real news and rumor data, developing and showing the results
of two different strategies to study their trends. The first strategy uses the entire dataset
to fit data and obtain optimized parameters, and the second strategy uses fewer data and
is recommended to estimate the time of the maximum spread. This second approach is
the main novelty of our work; it is useful not only from an academic point of view. In
real life, if we want to study the spread of a real news item, it is impossible to observe its
evolution for a long period of time. Generally, we need to analyze it as fast as possible
because in this way, as underlined, we are able to use our predictions for practical aims,
such as the development of software enabling us to block a rumor and to provide a tool that
can be integrated into the algorithm of the social network or the development of successful
marketing strategies. Certainly, this second strategy could be improved, in particular as
concerns the peak of the number of spreaders. Different approaches could be used, for
example, the raising of the order of the differential equation system. Moreover, it could
be also interesting to propose a mathematical formula to calculate some parameters, such
as the aforementioned (t,,;;), that are fundamental during the dataset construction process.
All these suggestions could become the main aims of future research works.
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ISRI  Ignorants spreaders recovered ignorants model
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