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ABSTRACT

The spread of misinformation on social media platforms has become a significant societal issue, affecting public
behaviour and policy-making processes. In this study, we develop a six-compartment deterministic model to understand
the dynamics of misinformation spread. The model contains susceptible, exposed, fake news, authentic news, doubtful
news and restrained users. The system of linear ordinary differential equations (ODEs) is developed to represent the
conversion of this compartment. The model includes key processes such as content exposure, spread of true and false
information, development of doubt information and final withdrawal from sharing news. The analysis used to find
equilibrium points and their stability provides the system’s behaviour. Numerical simulations are used to understand
the system’s behaviour under different parameter values and observe how misinformation spreads or declines over
time. This study gives a useful understanding of how misinformation spreads through social media through different
users’ behaviour and helps to manage strategies to control and reduce its impact.

Keywords: Misinformation, Authentic information, social media, mathematical model, compartmental model,
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INTRODUCTION

In today’s digital world, social media has become one
of the primary sources of news and information.
However, the quick spread of misinformation on
digital platforms has become a major problem,
affecting both users and the general quality of online
content [1]. Misinformation can be described as false
or unintentional distribution on widely utilized
platforms like Instagram, Facebook, Twitter, etc. The
propagation of such information is influenced by a
combination of psychological behaviour, social
interaction and technological methods. As a result, it
can have a negative impact, such as loss of trust in
institutions and increasing confusion and emotional
discomfort among individuals [2]. Recent studies
show that misinformation spreads faster and reaches a
wider audience than verified information. This effect
is even more distinct during a crisis, where
uncertainty, strong emotions and political pressure
boost the rate and scale of its spread [3,4].

The issue for analyzing misinformation dynamics in
the context of environmental governance is the
Aravalli crisis in India. Public discussions about
changes in its legal protection rapidly spread across
social media platforms, where news was often twisted
or presented out of context. During this time, false
claims, exaggerated narratives and partial
representation of policy decisions spread widely
among users. In many cases, unverified content and
official frequently

overshadowed, leading to public uncertainty and

communications were
division. This trend has been discovered in various
contexts, environmental and crisis-related scenarios,
where misinformation spread quickly through digital
platforms adds uncertainty and decision-making
processes [5,6].

Earlier research indicates that the propagation of
misinformation on social media is influenced by
social, psychological and technological factors.
Platform elements like a quick sharing method and a
huge network connectivity allow information,

regardless of facts, to spread speedily among users.
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Additionally, algorithmic
emphasize content that causes a strong emotional
reaction, thereby expanding sensational and
inaccurate narratives [7]. From a behavioural
perspective, individuals are open to accepting and

systems  frequently

sharing misinformation, especially increased by
thinking-related biases, low digital learning and
confirmation bias, especially when it comes to
controversial issues like environmental activism and
conservation [7,8].

Misinformation related to environmental issues
creates critical challenges because it can twist
ecological risks, consume public confidence in
scientific results and interfere with knowledge-based
decisions. Research on climate communication and
environmental misinformation shows that the key
misleading narratives can weaken assumptions, widen
ideological divides and postpone group efforts in the
environment [9,10]. The creation of a protected area
of misinformation can also raise societal tensions and
influence protest situations, such as decline or legal

conflicts [5].

According to research in mathematical and computer
science, the spread of misinformation quickly
parallels epidemic processes, where stages such as
exposure, acceptance and communication occur
within structured social networks [11,12]. These
modelling tools offer a useful insight into how
misinformation spread, sustain and eventually reaches
This
perspective is particularly effective for investigating

a stable state within online communities.

the spread of false narratives during events such as the
Aravalli-related debate.

As social media increasingly plays a dominant role as
a key source of information, it is difficult to
understand how misinformation spreads, especially
during an environmental crisis. The purpose of this
research is to gain a better understanding of how
narratives emerge, spread and influence public
perception in the domain of governance. The study
aims to present insights by framing the Aravalli crisis
within theoretical, practical and modeling approaches
of misinformation research. These findings can helps
to design effective neutralizers, improve digital
awareness and support research based communication
technique in future environmental crisis.

LITERATURE REVIEW:
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The detection of fake news has become a significant
area of research in recent years. Most studies in this
field focus on examining both textual features and
visual elements present in news articles. The spread
of misinformation can influence public opinion,
policy perception and impact mental health (Arora et
al., 2025). Research conducted by Dennis et al. (2025)
suggests that emotionally engaging narratives
significantly ~ increase = the  probability  of
misinformation being shared within online groups.
Misinformation by HimmaKadakas et al. (2022)
refers to the dissemination of false or inaccurate
information, often unintentionally, without the intent
to mislead or deceive the audience. (Greeshma, R. et
al. (2024)) A recent study by Raza ef al. (2022)
introduced a transformer-based model for detecting
fake news, employing an encoder for learning and a
decoder for prediction. For example, Aspneset et al.
(2006) considered a setting with a single random
source, no target, and no threshold on the number of
infected nodes, but the objective is to minimize the
sum of the number of monitors and the number of
infected nodes (Amoruso et al. (2020)). Vosoughi et
al. (2018) discovered that fake news spreads faster,
deeper, and more extensively than true news on social
media platforms. Ahmad et al. (2025) examined the
motivation behind misinformation sharing using
affordance theory and flow theory. Their research
discovered that social media design characteristics
such as immediate sharing, social validation systems,
and immersive user experiences promote users to
share content quickly without confirming its
authenticity. Many mechanisms animate the flow of
false information that generates false beliefs in an
individual, which, once adopted, are rarely corrected
(Vicario et al., 2016). Recent research has advanced
the study of disinformation by using computational
and mathematical modeling tools to better understand
its dissemination dynamics. According to Chen et al.
(2023), misinformation propagation through social
media follows patterns of epidemic-like dynamics
where exposure, adoption and retransmission occur
within interconnected networks. Previous work by
Yaqub et al. (2020) has shown that people lack trust
in automated solutions for fake news detection.
However, work is already being undertaken to
increase this trust, for instance, by von der Weth et al.
(2020).
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FORMULATION AND DESCRIPTION OF
MODEL:

To study the dynamics of misinformation spread
through social media platforms, the total population is
categorized into six distinct compartments according
to individuals’ interaction with online content. The
Susceptible () group represents users who have not
yet encountered the information but are likely to be
exposed through social media platforms. After
encountering information, individuals enter into the
Exposed (£) category, where they have seen the
content but have not yet check it’s authenticity. From
this point, some users may accept information as true
and begin to share it, thus enter into the Fake news (

F') compartment, which significantly contributes to

the spread of misinformation. Meanwhile, other users
may remain unsure and are classified into the

Doubtable news (D) compartment, representing
hesitation or partial belief. Compartment. Conversely,
users who examine and verify the content before
sharing using trusted sources move into Authentic
news (A) compartment, which supports the

spreading of factual information and limits
misleading narratives. Lastly, the Restrained (R)
class includes users who stop sharing content because
of awareness, fact-checking efforts, platform policies
or external controls. This compartment approach
provides a clear and systematic mathematical
framework for understanding the spread and control

of misinformation within social media platforms.

Table 1. Description of model parameters:

Parameters Description Value | Source

A Recruitment rate 0.18 | Assumed

B Exposure transmission rate 0.81 | Assumed

5 Transmission rate of exposure to fake information 0.75 | Assumed

B, Transmission rate of exposure to authentic information | 0.45 | Assumed

B, Transmission rate of exposure to doubtful information | 0.34 | Assumed

B; Recovery rate of doubtful to fake information 0.23 | Assumed

B Recovery rate of doubtful to authentic information 0.456 | Assumed

s Restrain the rate of fake information 0.36 | Assumed

By Restrain rate of authentic information 0.86 | Assumed

H Natural existence rate 0.28 | Assumed

Model diagram: Figure 1 depicts the model diagram, which is made
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Figure 1. Diagram of the spread of
misinformation through social media
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up of a dynamic system of differential equations that
illustrate the rate of change over time described as
follows:

ds

—=A-8S—-uS

dt B H

dE
E:IBIS_ﬂzE_ﬂSE_IHztE_ﬂE
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T gD -ar M) = S(0) + E() + () + 4() + Do) + R()
(h It is classified into six distinct compartments based on
A spread of misinformation.
—=pLE+pD—-L.A—uA
dt P Pe Py H 1. Ecxistence of Equilibrium Points:
dD Determination of equilibrium points by solving (1)
E_’B“E_’@D_ﬂéD_'uD stated above:
dR Endemic equilibrium point
@ T AARR E =(S.E,F,4,D" R (2)
The total population at time t, denoted by where,
x A
S =
B+ u
= BA
(B, + B+ By + 0By + 1)
F = ABu+(Bs + BB, + BSs)B
(B; + 1) (Bs + B + )Py + By + By + 1By + 1)
A= (B + (B + BB + BsS)AB
(Bs + 1)(Bs + B + 1)(By + By + By + 1B + 1)
D* — ﬂ4ﬁlﬂ“
(Bs + B+ 1)(By + By + By + 1)(B, + 1)
BAB,B; + B Sy )/Uz +(((B, + B5) By + (Bs + Be) By + BuB) By + By
R = ((Bs + BBy + BB e+ B, By (Bs + B (B, + By + )
1By + 1) (Bs + B + 1)(B, + By + By + 1)(By + 1) (B + 1)
1. Stability Analysis: The endemic equilibrium point is locally
. . o » asymptotically stable if 4 <O
In this section, we will discuss local stability and
global stability for the equilibrium point. Proof. Evaluating the Jacobian matrix for the system
. E %
Local stability at the point £ 7,
Theorem 4.1 (Local stability of E )
-0 —u 0 0 (0] 0 0
B S Rl A P 0 0 0 0
JLE"]= 0 B =B —u 0 £s 0
0 s 0 B — 1 Bs 0
0 /84 0 0 _/35 - ﬂ() —H o
0 0 5 D 0 —H
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Thus, the eigenvalues of JIE ] are given by

A== A =—(fy+ 1), Ay =—(B; + 1), Ay =—(Bs + B + 10, As = =(By + By + By + ),

/16 = _(ﬂl + 1)

clearly Aoty Ays A Ay and A are negative.

*

Hence, [£] is locally asymptotically stable.
Global stability

Since the model has a dynamic system of linear
Ordinary Differential Equations, for a linear dynamic
system, local asymptotic stability implies global
asymptotic stability.

The equilibrium point of the system is globally
asymptotically stable if all eigenvalues of the matrix
A have negative real parts. (Differential equations,
dynamical systems, and an introduction to chaos,
2013; Nonlinear systems, 2002)

2. Numerical Simulation:

In this section, we simulated the dynamics of the
spread of misinformation using the parametric values
given in Table 1. We carry out a simulation and
interpret the
MATLAB.

spread of misinformation using

Figure 2. Dynamics of misinformation spread in
the model

Figure 2 shows the dynamics of misinformation
spread through social media during the Aravalli case.
The variation in the population of the respective
compartment over time in hours. Initially, the
susceptible and exposed population declined rapidly
as people became aware of and interacted with
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Aravalli-related content on social media. The results
show that misinformation spreads rapidly when
unverified claims about the Aravalli region are widely
shared on social media. However, as the availability
of real information from scientific sources and
government declarations increases, the propagation of
false information reduces. Users in the doubtful
category play a crucial role since prompt clarification
can prevent them from spreading misleading
information

Figure 3. Phase portrait of Exposed individuals
(E) and Authentic Spreaders (A)

Figure 3 represents the phase portrait of authentic
news spreaders and exposed individuals in the
misinformation spread model during the Aravalli
case. The horizontal axis indicates the exposed
individuals, and the vertical axis indicates the
authentic news spreaders. The arrows indicate the
direction of change of the system. The blue curves
represent the trajectories of the model over time. All
trajectories move toward a common equilibrium
point, indicating that the system gradually achieves
stability. This behaviour shows that the interaction
between exposed individuals and authentic
information eventually stabilizes and helps in the
reduction of the spread of misinformation. This
suggests that as more exposed individuals receive
authentic information, the spread of misinformation
decreases and the system gradually approaches
stability.
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Figure 4. Phase portrait of Exposed individuals (E) and Fake Spreaders (F)

Figure 4 represents the phase portrait of fake news
spreaders and exposed individuals in the
misinformation spread model during the Aravalli
case. The horizontal axis indicates the exposed
individuals, and vertical axis indicates the fake
spreaders. The arrows indicate the direction of change
of the system. The blue curves represent the
trajectories of the model over time. The trajectories
gradually move toward a stable equilibrium point,
indicating that the interaction between exposed
individuals and fake information spreaders eventually
stabilizes. This suggests that the
misinformation may decrease as the
approaches equilibrium.

spread of
system

Figure 5. Phase portrait of Exposed individuals
(E) and Doubtful Spreaders (D)

Figure 5 represent the phase portrait of doubtful news
spreaders and exposed individuals in the
misinformation spread model during Aravalli case.
The horizontal axis indicates the exposed individuals,
and the vertical axis indicates the doubtful spreaders.
The arrows indicate the direction of change of the

system. The blue curves represent the trajectories of
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the model over time. The trajectories gradually move
toward a stable equilibrium point, indicating that the
interaction between exposed individuals and doubtful
information spreaders eventually stabilizes. This
suggests that as more individuals become doubtful
about the information, the spread of misinformation
tends to slow down and the system approaches
stability.

Figure 6. Phase portrait of Doubtful Spreaders
(D) and Authentic Spreaders (A)

Figure 6 represents the phase portrait of doubtful news
spreaders and authentic news spreaders in the
misinformation spread model during the Aravalli
case. The horizontal axis indicates the doubtful users,
and the wvertical axis indicates the authentic
information spreaders. The arrows indicate the
direction of change of the system. The blue curves
represent the trajectories of the model over time. The
trajectories gradually move toward a stable
equilibrium point, indicating that the interaction
between doubtful users and authentic individuals
eventually stabilize. This suggests that as authentic
information increases and more individuals become
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doubtful of misinformation, the spread of false
information tends to decrease and the system
approaches stability.

Figure 7. Phase portrait of Doubtful Spreaders
(D) and Fake Spreaders (F)

Figure 7 represents the phase portrait of fake news
and doubtful individuals in the
misinformation spread model during the Aravalli
case. The horizontal axis indicates the doubtful users,
and the vertical axis indicates the fake information
spreaders. The arrows indicate the direction of change
of the system. The blue curves represent the
trajectories of the model over time. The trajectories
gradually move toward a stable equilibrium point,
indicating that the interaction between doubtful users
and authentic individuals gradually stabilizes. This

spreaders

leads to a reduction in the spread of fake information
over time.

Figure 8. Phase portrait of Authentic Spreaders
(A) and Restrained individuals (R)

The figure 8 represents the phase portrait of authentic
news spreaders and restrained individuals in the
misinformation spread model during the Aravalli
case. The horizontal axis indicates the authentic
spreaders, and the vertical axis indicates the restrained
individuals. The arrow indicates the direction of
system dynamics. The blue curves represent the
trajectories of the model over time. The trajectories
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gradually move toward a stable equilibrium point,
indicating that the interaction between authentic
spreaders and restrained individuals changes over
time. This suggests that as authentic information
spreads and more individuals become restrained from
sharing content,
decreases and
stability.

the spread of misinformation

the system gradually approaches

Figure 9. Phase portrait of Fake Spreaders (F)
and Restrained individuals (R)

Figure 9 represents the phase portrait of fake news
spreaders and restrained individuals in the
misinformation spread model during the Aravalli
case. The horizontal axis indicates the fake spreaders,
and the wvertical axis indicates the restrained
individuals. The arrow indicates the direction of
system dynamics. Blue trajectories represent the
solution paths under various initial conditions. All
trajectories move towards the stable equilibrium
point, which indicates that the misinformation may
initially spread through fake spreaders but eventually
reduces as more people become restricted and cease
the spreading of misinformation.

CONCLUSION

This study presents a linear compartmental model to
analyze the spread of misinformation through social
media during the Aravalli crisis. The model divides
the population into six compartments: Susceptible( ),
Exposed( ), Fake news( ), Authentic news( ),
Doubtable news( ) and Restrained individuals( ) to
describe the dynamics of sharing and spreading
information. The stability analysis shows that the
equilibrium point is globally asymptotically stable,
indicating that the spread of misinformation
eventually decreases over time under the given
conditions. The numerical simulation demonstrates
that during the Aravalli case, the misinformation
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spread rapidly in the initial stage due to fake spreaders
on social media. However, as time progresses, the
number of restrained individuals increases, which

helps reduce the spread of false information. Overall,
the result indicates the importance of awareness, fact-
checking and responsible information sharing in
controlling the spread of misinformation on social
media platforms.
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