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Opinion dynamics models based on the multi-agent method commonly assume that interactions between individuals
in a social network result in changes in their opinions. However, formation of public opinion in a social network is a macro-
scopic statistical result of opinions of all expressive individuals (corresponding to silent individuals). Therefore, public
opinion can be manipulated not only by changing individuals’ opinions, but also by changing their states of expression (or
silence) which can be interpreted as the phenomenon “spiral of silence” in social psychology. Based on this theory, we
establish a “dual opinion climate” model, involving social bots and mass media through a multi-agent method, to describe
mechanism for manipulation of public opinion in social networks. We find that both social bots (as local variables) and
mass media (as a global variable) can interfere with the formation of public opinion, cause a significant superposition effect
when they act in the same direction, and inhibit each other when they act in opposite directions.

Keywords: public opinion, social bots, mass media, spiral of silence
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1. Introduction
Participants in online social network discussions tend to

divide into groups with opposite opinions,[1–3] which repre-
sent their believes or behaviors or attitudes towards a certain
issue or phenomena. From a sociological perspective, the po-
larization of opinions is caused by a phenomenon called indi-
viduals’ “selective exposure”,[4–6] which widely exists in the
social environment. Research shows that convenient and open
access to information and expression often leads to the oppo-
site effect: individuals tend to create connections with those
who share similar opinions, which will also lead to the cre-
ation of echo-chambers.[6,7] How public opinion is formed by
individuals with binary opinions in social networks and how it
will be affected by intervene of social bots and medias cause
our research interests.

Today’s social networks evolve into a hybrid space in
which human users, social bots, and mass media coexist.[8,9]

On the one hand, the automated programs driven by
algorithms-social bots play a role in social networks, in details,
research shows that 19% of all interactions in networks are di-
rected from social bots to humans.[10] Evidence from multiple
investigations shows that social bots (as a type of zealots[11])
are used to manipulate public opinion.[12] Therefore, influence
of social bots cannot be ignored when studying opinion for-
mation and expression in social networks. On the other hand,
mass media is the primary means to communicate with the ma-
jority of individuals in the general public,[13] and also play an
important role in guiding public opinion.

For a long time, classical opinion dynamics models based
on multi-agent methods can effectively describe the process
of opinion interaction, negotiation, and decision making pro-
cedure among group members,[14–22] which means that they
are very suitable for small group networks. However, classi-
cal models focus on the changes in individual opinions caused
by interaction behaviors, while ignoring other important fac-
tors that lead to the formation of public opinion at the macro
level. Therefore, a new exploration of public opinion forma-
tion in large social networks is necessary, for example, Noelle-
Neumann’s spiral of silence theory[23] provides a new perspec-
tive for studying the formation of public opinion. The changes
between the expression and silence states of all individuals in
the network determine the final formation of public opinion, as
the macroscopic statistical result of the opinions of all expres-
sive individuals. Noelle-Neumann summarized two influential
factors for individual perceptions of the majority opinion:[23]

“first hand observation of reality and observation of reality
through the eyes of the media”, which has been generalized
to the idea of dual opinion climate by Ref. [24]. This theory is
widely used in research of political elections and polarization
of public opinion, and the dual opinion climate has inspired
us to focus on the differences in public opinion manipulation
mechanisms between social bots and mass media.

Different from the classical opinion dynamics models,
which only focus on the factors of the change of individuals’
opinion values in the group. In this paper, inspired by the spi-
ral of silence theory, we pay attention to the change of indi-
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vidual states (expression or silence) and attempt to re-examine
the process of opinion formation. A key notion is that not
everyone expresses their opinions in social networks, and the
formation of public opinion only depends on those expressed
opinions. Furthermore, people’s willingness to express them-
selves is influenced by expressed opinions rather than those
unexpressed, even though the latter exist and remain constant.
By introducing heterogeneous individuals such as mass me-
dia and social bots, we attempt to use the multi-agent method
to establish an opinion dynamics model, to capture the interac-
tion behavior of different individuals, study the role of the dual
opinion climate formed by social bots (as local variables) and
mass media (as a global variable), and reveal the mechanism
of public opinion formation, expression and manipulation in
social network.

The rest of this paper is organized as follows: First, we in-
troduce the sociological theory of spiral of silence, and mod-
eling methods in Section 2. In Section 3, we investigate the
influence of social bots and mass media on public opinion in
networks through numerical simulation. Finally, discussions
and the conclusions of this study are presented in Section 4.

2. Model description
2.1. The spiral of silence

The spiral of silence is a sociological theory proposed by
Noelle-Neumann, which is based on crowd psychology and

convergence behavior. In details, it states that individuals in
a group who oppose the dominant opinions remain silent for
fear of being isolated. As a result, the inferior opinions are si-
lenced and the superior opinions are expressed and accessible
to others; the dominant opinions expand and strengthen in a
spiral manner, and eventually manipulate public opinion. As
social medias become increasingly popular as online spaces
for social interaction and political participation, the spiral of
silence theory on social media has emerged as a popular sub-
ject of research, and many researchers[25–28] have attempted to
establish mathematical models to explain the spiral of silence
in networks.

2.2. Opinion expression under dual opinion climate

The formation of public opinion in social networks is not
only determined by the interaction between individuals, but
also influenced by mass media. In this paper, we attempt to
establish a dual opinion climate model based on human users,
social bots, and mass media, to capture the interaction between
individuals (human or bots), and analyze the factors for for-
mation of public opinion. Consider a society of N individuals,
each of which has an opinion (or attitude) on a debatable topic,
such as same-sex marriage. We assume that there are only two
possible opinions on each topic: positive and negative. There-
fore, as shown in Fig. 1, according to the spiral of silence the-
ory, the opinion evolution at each time can be described as a
three-step process:
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Fig. 1. Block diagram of opinion evolution under the dual opinion climate.

Firstly, the dual opinion climate of individual i comes
from two sources: the local opinion climate, formed by sen-
sory statistics of the opinions of neighbors (human or bots),
and the global opinion climate, perceived by the (global vari-
able) mass media as a reference.

Secondly, because of fear of being isolated, individual i’s
willingness to express his/her opinion is driven by the current
climate.

Finally, the willingness of individual i to express an opin-
ion, and his/her own expression threshold, jointly determine
his/her choice of “speaking” or maintaining a “silence” state.

The dual opinion climate of individual i at time t in terms
of the local opinion climate and global opinion climate is ex-
pressed by

δi(t) =

{
ns(t)ω−no(t)
ns(t)+no(t)

, if ns(t)+no(t)> 0,
0, if ns(t)+no(t) = 0,

(1)

where ns(t) and no(t) represent the numbers of neighbors with
supportive and opposing opinions, respectively, observed by
individual i in a local social network at time t; ω denotes the
weight reflecting the media influence perceived by individual
i, according to the definition of Sohn[13] each individual is as-
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sumed to have a susceptibility to mass media m, in the range
[0,1]. The media influence weight ω can then be described by
m as follows:

ω =

{
1+mi, congruent media exposure,
1−mi, incongruent media exposure. (2)

Under the congruent media exposure condition, in which
the individual’s opinion is the same as that of the mass media,
the proportion of congruent neighbors increases according to
their degree of media dependency. In contrast, under the in-
congruent media exposure condition, the individual’s depen-
dence on the congruent neighbors is weakened.

Further, to limit the value of δi(t) to the range [−1, 1], we
rewrite the impact of dual opinion climate Ii(t) as an S-curve
equation,

Ii(t) = 2(1+ e−δi(t))−1−1. (3)

The willingness of individual i to express an opinion Wi(t)
can be defined as a linear combination of prior willingness
Wi(t−1) and the impact of the dual opinion climate Ii(t) at the
current time, as shown in Eq. (4). Accordingly, if Ii(t)> 0, in-
dicating that individual i perceives a favorable double opinion
climate, then his/her willingness to express Wi(t) increases; on
the contrary, Wi(t) reduces if Ii(t) < 0; if Ii(t) = 0, Wi(t) re-
mains unchanged.

Wi(t) =
{

Wi(t−1)+(1−Wi(t−1))Ii(t), if Ii(t)≥ 0,
Wi(t−1)+Wi(t−1)Ii(t), if Ii(t)< 0. (4)

The intention to delimit Wi(t) in the range [0,1] is mainly
to match the individual’s implicit expression threshold φi,
which is constant and randomly distributed in [0,1]. Because
the susceptibility to public opinion may vary between human
users, we assume that each person has a hidden expression
threshold φi. The expression threshold refers to the intensity of
discourse in society: for example, the expression threshold of
open (talkative) individuals may be low, whereas, for conser-
vative (reticent) individuals, the parameter will tend to be high.
Therefore, compared with a conservative person, an open per-
son is more inclined to express an opinion when they have
the same degree of willingness. Finally, individuals choose to
speak out or remain silent in each step of the process, by com-
paring their willingness to express Wi(t) with their threshold
of expression φi.

If social bots are added to the network composed of hu-
man users, we expect to observe the bots’ manipulation and
interference with public opinion from the micro level. Unlike
human users, goal-oriented social bots are not affected by the
spiral of silence: they ignore external influences and continue
to express their own opinions. At the same time, mass media,
as a global variable, can also influence human users’ willing-
ness to express. In the following section, we use simulation

to verify the phenomenon of public opinion manipulation by
the joint action of social bots and mass media in small-world
networks.

3. Simulation analysis and results

For simulation, we create a small-world network with
N = 1000 agents and a random reconnection probability of
Pr = 0.5 using the Netlogo programmable environment. In
the initial state, the numbers of human users holding positive
and negative opinions are the same, and social bots are ran-
domly distributed in the network in the proportion λ (the bots
ratio), which varies from 1% to 10%. Without loss of gener-
ality, we assume that all human users share the same media
impact factor mi ≡ m, which is varied from 0 to 1. For each
set of parameters, the statistical average value of 1000 inde-
pendent simulations is calculated and taken as the result.

3.1. Bots and media acting separately

Experiments are begun with the situation in which bots
and media act separately. Because of the difference in connec-
tivity density of different small-world networks, we simulate
the distribution of public opinion over time in networks with
different values of mean degree 〈k〉. As shown in Fig 2(a),
when only bots are involved in the network (λ 6= 0, m = 0),
as the number of bots increases, the proportion of humans
holding the same opinion as the bots gradually increases,
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Fig. 2. Influence of different factors in small-world networks: (a) bots,
(b) media.
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and public opinion is gradually manipulated by the bots. As
a result, the concerted action of even a small percentage of
bots in the network is sufficient to disrupt the opinion climate
among humans and tip public opinion in favor of the bots. It
can be observed from Fig 2(b) that, when only media existed
in the network (λ = 0, m 6= 0), as the media influence, the
proportion of humans holding the same opinions as the media
increased, and public opinion is guided by the media.

We find that both bots and media in the network can inde-
pendently influence the opinion climate perceived by human
users. The difference is that, as agents in the network, bots
interfere with the opinion climate of their human neighbors
through local interaction behaviors, and gradually spread their
influence in the network through an information cascade ef-
fect. As a global variable, the media interfere with the opinion
climate of all human users in the network directly and syn-
chronously, to guide the public opinion of the network.

3.2. Bots and media with same opinion

We now investigate public opinion evolution in networks
where bots and media act in concert, for example, when both
hold positive opinions. Figure 3 shows comparative results of
the effects of manipulating public opinion in three situations:
(a) only bots exist, (b) only media exist, and (c) bots and me-
dia coexist. The parameters are set as follows: N = 1000,
〈k〉 = 6, λ = 5%, and m = 0.05. The simulation results show
that the media and bots have a superimposed effect on opinion
evolution and increase the probability of public opinion being
manipulated. In different network structures, as Pr varied from
0 to 1, the combined effect of bots and media is significantly
greater than the effect of bots or media alone.
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Fig. 3. Combined effects of bots and media acting in concert.

3.3. Bots and media with opposite opinions

Because bots can increase the risk of exposure to, and dis-
semination of, information with low credibility,[9] mass media
take the role of clarifying rumors, to some extent, through their
discourse power. Therefore, we now focus on the phenomenon

of bots and media manipulating public opinion in networks to-
gether, when their opinions are polarized. The network size
was N = 1000, of which the bots ratio is λ = 5%, the opinions
of human users are randomly selected from the binary values
of positive and negative, bots are assigned negative opinions
throughout, and the media holds positive opinions. Figure 4
shows how the proportion of human users with negative opin-
ions changes with the media influence parameter m for net-
works with different average densities (〈k〉).

We find that, when m = 0 (i.e., only bots exist), a 5%
bots ratio is sufficient to manipulate public opinion. As m in-
creases, the proportion of humans holding negative opinions
decreases. This shows that, as the human user’s dependence
on media increases, the manipulation effect of bots on pub-
lic opinion is weakened. Furthermore, the influence of media
constantly increases, and finally the trend of public opinion is
reversed, making the previous minority gradually become the
majority of society.
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Fig. 4. Inhibiting effect of media on bots.
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Fig.5. Proportion of silent humans with the influence of media.

In addition, we attempt to verify the evolution of pub-
lic opinion in accordance with the spiral of silence in real
small-world social networks, using the “Hamsterster friend-
ships” dataset (a friendship network for 1858 users of ham-
sterster.com). As shown by the red line in Fig. 4, by compari-
son with artificial small-world networks, we find that the dual
opinion climate model constructed by bots and media shows
the same evolution trend in the real network.
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Fig. 6. Snapshot illustrating the evolution of the opinions of N = 1000
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(black).

We now investigate the change in the number of silent hu-
mans in the population in accordance with the spiral of silence
theory, to explain the inhibitory effects of bots and media on
the expression willingness of human users with opposite opin-
ions. Figure 5 shows the percentage of silent humans, with
respect to media influence m, with different bots ratios. The

results show that, on the one hand, the participation of me-
dia can effectively weaken the bots’ inhibition of humans with
positive opinions, to effectively reduce the number of silent
humans; on the other hand, as the influence of media increases,
the media exerts a reverse inhibition on humans with negative
opinions, so that the number of silent humans also increases
in reverse. Therefore, the percentage of silent humans in the
network is jointly affected by the bots ratio λ and the me-
dia influence m. As the effect of manipulating public opinion
becomes stronger, the spiral of silence phenomenon becomes
more obvious, and the number of silent human users increases.
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Fig. 7. Media dependency (m) as a function of bots ratio (λ ) to ensure
that public opinion remains stable.

The snapshots in Fig. 6 illustrate the opinion evolution in
the dual opinion climate model, where the white nodes rep-
resent bots, and the orange and blue nodes represent humans
with positive and negative opinions, respectively. When a hu-
man user becomes silent (because Wi(t) < φi), the node turns
to black. As shown in Fig. 6(a), in the initial state, 1000 agents
are arranged in a 33×33 grid, with the bots and humans ran-
domly distributed. In Fig. 6(b), λ = 0, m = 0 (with no bots
or media), the numbers of humans with positive and negative
opinion are approximately the same, the spiral of silence does
not appear, and public opinion is not manipulated. In Fig. 6(c),
λ = 5%, m = 0 (only bots exist), the number of humans hold-
ing negative opinions increases significantly, the spiral of si-
lence appears, and public opinion is manipulated by the bots.
In Fig. 6(d), λ = 0, m = 0.15 (only media exists), the number
of humans holding positive opinions increases significantly,
the spiral of silence appears, and public opinion is manipu-
lated by the media. In Fig. 6(e), λ = 5%, m = 0.15 (both bots
and media exist), the balance of the numbers of humans with
positive and negative opinions is restored, and the effects of
bots and media cancel each other out. Further, as shown in
Figs. 6(f)–6(g), a continuous unilateral increase in either bots
or media can upset the balance again and guide the evolution
of public opinion in a certain direction.

Finally, we investigate the correlation between the media
influence m and the bots ratio λ that is required to maintain a
balance of public opinion (i.e., approximately the same num-
ber of humans with positive and negative opinions), in the case
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that bots and media have opposite opinions. Figure 7 shows
how m changes with λ in an artificial small-world network and
the Hamsterster friendships network. Comparison of the two
networks’ simulation results shows that there is an approxi-
mately linear relationship between the media influence m and
bots ratio λ .

4. Conclusions
In summary, we have introduced the spiral of silence the-

ory of social psychology to attempt to explain the reasons for
the formation of public opinion. In contrast to the classical
opinion dynamics model, to explore the factors that change
individuals’ opinion values, we start with the change in indi-
viduals’ states (speaking or silence) to analyze the distribution
of opinions at the macro level of the network, to provide a
new idea for research on public opinion. Further, we use a
multi-agent modeling method to construct a dual opinion cli-
mate model with the joint participation of bots and media, to
reveal the mechanism for manipulating public opinion.

Through experiments, we find that both bots and media
can manipulate public opinion by promoting the expression
willingness of humans who hold the same opinions and in-
hibiting those who hold opposite opinions, thus expanding the
number of silent humans in the network, leading to the spi-
ral of silence phenomenon, and ultimately manipulating pub-
lic opinion. The difference between media and bots is that
the latter exacerbates the spiral of silence from the perspective
of local interaction in the network, by promoting or inhibit-
ing a neighbor’s expression willingness to change his/her state,
which gradually spreads to other humans in the network. As
a global variable, the media can exert influence on all humans
in the network synchronously to achieve an effect of public
opinion. When bots and media hold the same opinion, they
produce a superimposed effect, further intensifying the manip-
ulation of public opinion. However, when bots and media be-
come polarized, the reverse action of the media can effectively
offset the effect of bots on public opinion, and finally reverse
the direction of the change in public opinion. This conclusion
can provide a reference for simulating rumor propagation in
online social networks.

However, there are several limitations on parameter se-
lection to this work. For example, considering the feasibility
of the comparative experiment of media and bots simulation,
we adopt a simplified treatment, assuming that the media sen-
sitivity of individuals is the same and varies between the in-
terval [0,1]. Since media is a global variable and exerts in-
fluence on all individuals at the same time, we believe that
this assumption can be considered from the macro level of the
group, but the local influence on the network from the micro
level is ignored. Therefore, we only discuss the distribution
of public opinion. In future work, it can be interesting to fur-

ther distinguish individuals with different expression thresh-
old attributes. Similar studies include classifying individuals
into open-minded, moderate-minded, and close-minded sub-
groups, and we will further investigate the impact of different
attribute groups.
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