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a b s t r a c t

The evolution of public opinion using tools and concepts borrowed from Statistical Physics
is an emerging area within the field of Sociophysics. In the present paper, a Statistical
Physics model was developed to study the evolution of the ideological self-positioning
of an ensemble of agents. The model consists of an array of L components, each one of
which represents the ideology of an agent. The proposedmechanism is based on the ‘‘voter
model’’, in which one agent can adopt the opinion of another one if the difference of their
opinions lies within a certain range. The existence of ‘‘undecided’’ agents (i.e. agents with
no definite opinion) was implemented in the model. The possibility of radicalization of an
agent’s opinion upon interaction with another one was also implemented. The results of
our simulations are compared to statistical data taken from the Latinobarómetro databank
for the cases of Argentina, Chile, Brazil andUruguay in the last decade. Among other results,
the effect of taking into account the undecided agents is the formation of a single peak at the
middle of the ideological spectrum (which corresponds to a centrist ideological position),
in agreement with the real cases studied.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

In recent times, Statistical Physics has been extended beyond its usual limits to tackle Sociology problems, leading to the
so-called Sociophysics [1–6]. In such a context, one of the most studied topics is the evolution of public opinion through
simplemathematical models. Some of thesemodels involve a population where, in a simple way, eachmember of the group
can adopt an ‘‘opinion value’’ among two or several possible ones, according to specific interaction rules.
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One of the more studied opinion models is the voter model [7–10], which studies the evolution of opinion in a group
of agents. Even though it is mainly applied to two possible opinions, it can be generalized to several opinion values. This
model consists on the selection of an agent and one of his neighbors at random (it can be developed in a particular lattice or
without structure, like a mean field). Afterwards, the agent will copy the neighbor’s opinion and the procedure is repeated
until convergence is reached.

Another model employed for the study of opinion evolution with two possible values is the Sznajdmodel [11,12]. Within
this general model, the presence of ‘‘contrarians’’ (i.e. agents that change opinion in a direction opposite to the opinion of
the agent with which they interact) has also been taken into account in some studies [13–16].

For the case of several possible opinion states, one possible model that was mainly studied in the continuous range is
the ‘‘Bounded Confidence’’ [17–22], where agents have continuous opinions and the interactions are non-linear. The agents
influence each other only if the distance between their opinions is below a threshold (i.e. it is assumed that people do not
take into account opinions that are very different from their own).

In the present work, the value of the ‘‘opinion’’ represents the ideological self-placement of a citizen within the full range
of possible positions, from left to right, with 0 being the extreme left, 10 the extreme right and 5 the center or middle point.
This classical scale is derived from a way to understand the identity of human political behavior, as a cognitive metaphor
used by both citizens and social scientists. As a part of Political Sciences’ research, it finds its roots on the theory of electoral
competition and its local applications to the study of contemporary massive democracies dynamics [23,24]. In our model,
we also consider the possibility of an agent being undecided (i.e. that particular agent has no definite opinion). The role of
undecided agents has also been studied by Balenzuela et al. [25], Vazquez et al. [26,27], and de la Lama et al. [28]. Another
effect taken into account in our work is that of polarization, which takes place when two agents with opposite ideology
interact and the position of one of them becomes more extreme as a result of the encounter. A similar effect has been
studied by La Rocca et al. [29].

The opinion of each individual agent inside the model can evolve according to a simple set of rules governing the
interaction between said agents. Although several two-dimensional lattice models and even small world networks have
been studied [30–32], in our model the agents are disposed in a one dimensional array of L components. However, since in
our model the interacting agents are selected at random, this spatial arrangement is of no consequence.

The simulation results are compared with real statistical data about political–ideological self-placement of citizens from
Argentina, Brazil, Chile and Uruguay within the period ranging from 2000 to 2010 provided by Latinobarómetro [33], a
Chilean consulting group specialized in comparative indicators of public opinion evolution on the region. The comparison
is realized in order to introduce a sociological and contextual perspective about the opinion phenomenon, in the frame of a
transdisciplinary reflection favored by the current Sociophysics field.

Nowadays, a renewed interest about the ‘‘ideology’’ is noticed as a transversal topic in the study of identification and
political positioning processes. The ideology articulates a ‘‘coherent and relatively stable set of beliefs or values’’ [34] but
also realizes – within every historic moment – a series of antagonisms that represent each society. In this regard, not only
consistency but also stability and contrast are significant analytical dimensions in the study of the effects of political ideology.

According to this approach the present work is organized as follows: in Section 2 we introduce themodel and simulation
method, in Section 3 we present the main results and discussions, and in Section 4 we present the final conclusions.

2. Model and simulation method

The present model consists on a one-dimensional array of L components. Each component represents the ideological
position of an individual agent and can take any integer value between 0 and 10, with 0 being the extreme left and 10 being
the extreme right. There is also the possibility for an agent to be ‘‘undecided’’ (i.e. a person with no definite opinion), in
which case the opinion value is taken as −1. It must be stated, though, that this value of −1 for the undecided agent must
be thought of as a label, i.e., its numerical value has no significance in the context of the 0–10 scale.

For most of our simulations we consider a set of 1200 agents (L = 1200), and use a uniform distribution of opinions
(i.e. 100 agents with each opinion value from −1 to 10) as a starting configuration.

The evolution mechanism is basically the Voter Model [5], in which two agents (say, agent i and agent j) are selected at
random.

2.1. Contagion within range

If none of the selected agents is undecided and the difference between their two opinion values is less or equal than the
‘‘contagion range’’ (which is varied between 1 and 10), agent j takes the same opinion as agent i, with probability p1.

2.2. Undecided agents

In the case that agent j is undecided and agent i has a definite opinion, agent j takes the opinion of agent iwith probability
p2.

On the other hand, if none of the selected agents is undecided (and there was no contagion as explained in the preceding
subsection) and their opinions are on opposite sides of the spectrum (i.e. one of them has an opinion value greater than 5
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and the other one has an opinion value of less than 5), agent j becomes ‘‘undecided’’, with probability p2. This implies that
when a person with ‘‘left wing ideology’’ interacts with a person with ‘‘right wing ideology’’, there is the possibility of one
of them becoming ‘‘undecided’’.

2.3. Polarization

If there was no opinion contagion nor generation of undecided agents, the model also contemplates the possibility that,
when two agents with opposite ideology interact, the position of one of them becomes more extreme, as a consequence of
the encounter, according to the following.

If agent i has an opinion value of 9 or 10 and agent j has an opinion value between 1 and 4, subtract 1 to the opinion value
of agent j with probability p3. On the other hand, if agent i has an opinion value of 0 or 1 and agent j has an opinion value
between 6 and 9, add 1 to the opinion of agent jwith probability p3.

This implies that, when agent i has a radical position and agent j has a moderate but opposite position, the opinion of
agent j has a probability p3 of becoming more radical in the opposite direction.

2.4. General observations of the model

A general observation is that, in the cases of probability p2 = 1, the value of the probability p3 is not relevant. The
explanation for this is that the conditions for the polarization are a particular case of the conditions for the generation of
‘‘undecided’’ agents. If the conditions for the generation of ‘‘undecided’’ agents are fulfilled and the probability of generating
them (p2) is equal to 1, the conditions for polarization will never get evaluated. On the other hand, if the conditions for the
generation of ‘‘undecided’’ agents are not fulfilled, the conditions for the polarization will not be fulfilled either.

For the case in which p2 = 0, ‘‘undecided’’ agents are not taken into account. Even though they might be present, they
do not play any role in the contagion process.

2.5. Rate equations

A set of differential equations for the time evolution of the population of each opinion value xi (−1 < i < 10) are
presented for interaction range equal to 1.

dx5
dt

= p1x5x4 − p1x4x5 + p1x5x6 − p1x6x5 + p2x5x−1

dx4
dt

= p1x4x3 − p1x3x4 + p1x4x5 − p1x5x4 + p2x4x−1 − p2x4σ>5 − (1 − p2)p3(x9 + x10)x4

dx3
dt

= p1x3x2 − p1x2x3 + p1x3x4 − p1x4x3 + p2x3x−1 − p2x3σ>5

+ (1 − p2)p3x4(x9 + x10) − (1 − p2)p3x3(x9 + x10)
dx2
dt

= p1x2x1 − p1x1x2 + p1x2x3 − p1x3x2 + p2x2x−1 − p2x2σ>5

+ (1 − p2)p3x3(x9 + x10) − (1 − p2)p3x2(x9 + x10)
dx1
dt

= p1x1x0 − p1x0x1 + p1x1x2 − p1x2x1 + p2x1x−1 − p2x1σ>5

+ (1 − p2)p3x2(x9 + x10) − (1 − p2)p3x1(x9 + x10)
dx0
dt

= p1x0x1 − p1x1x0 + p2x0x−1 − p2x0σ>5 + (1 − p2)p3x1(x9 + x10)

dx−1

dt
= 2p2σ<5σ>5 − p2x−1(1 − x−1).

As the model is symmetric, only the equations for i ≤ 5 are shown, where σ<5 =
4

i=0 xi and σ>5 =
10

i=6 xi.
The equations show explicitly the terms representing all the contributions that add or remove agents from a particular

opinion value. A general inspection shows that all the terms involving p1 will cancel each other in the equation for each xi.
Because of this, it could be stated that the final distributions will mainly depend on the different values of p2 and p3 and
how these probabilities operate on each xi.

In the particular case of the equation for x5, only one positive term remains, which explains the tendency to increase the
population of agents at this opinion value.

In the particular case of the equation for x0, for p2 = 0, only one positive term associated with p3 survives, which
explains the peaks obtained at an opinion value of 0 (and 10 due to the symmetry of the model), when polarization is
present (i.e. p3 > 0).

An analytical solution of the equation system is under study and will be presented in a future contribution.
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Fig. 1. Real distribution of opinions from 2000 to 2010 in Argentina, Brazil, Chile and Uruguay, according to Latinobarómetro.

3. Results and discussion

3.1. Real data from surveys and sociological clues for its analysis

In order to take into account real data for comparison, we have analyzed the temporal evolution of opinion from years
2000 to 2010 for the case of Argentina, Chile, Brazil and Uruguay, according to a poll conducted by Latinobarómetro, as it can
be noticed in Fig. 1, for all years and all countries, there is a pronounced peak at opinion value 5. That is, most people consider
themselves to be exactly in themiddle (or neutral position) of the ‘‘left–right’’ ideology continuum. It is also noteworthy that,
for three of the studied countries, the fraction of people that can be labeled as ‘‘undecided’’ constitutes a significant fraction
of the total. In order to be able to compare the poll results with the results obtained from our model, we associated the
undecided agents of ourmodelwith any peoplewhose answer to the question of their self-placementwithin the ‘‘left–right’’
spectrum was one of the following options of the poll: ‘‘none’’, ‘‘does not know’’ or ‘‘does not respond’’.

Considering the relationship between ideology, party system and political alternation in the Southern Cone region, the
cases of Brazil, Chile, Uruguay and Argentina stand out as governments onwhich the existence of an ideological leftist ‘‘spin’’
is discussed, and which together constitute a ‘‘partisan political region of relative high institutionalization in the context of
Latin America’’ [35]. These are countries whose ideological dynamics are interesting to compare, given that they shared
certain political itineraries during the second half of twentieth century: political radicalization and armed struggle in the
’60s, coups during the ’70s and democratic reopenings from the ’80s onward.

Although at the level of the political system interesting contrasts are noticed between these countries in the context of
a shared regional history, the evolution of ideological self-positioning of their populations analyzed in the present work
demonstrates a high degree of homogeneity in statistical terms: over the decade studied through Latinobarómetro polls,
the views of citizens in the four countries tend to focus on the ‘‘center’’ as a political alternative that involves high social
desirability, as it is positioned away from the ideological extremes. In this sense, it is worth to consider the connection
between ideological ‘‘centrism’’ and political ‘‘indecision’’, since both categories allude to contemporary patterns of mass
political behavior. In the present study, these categories emerge as important keys for interpretation of the results obtained
according to real statistical information, as detailed in the following section.

All of the above said, it must be stated that, for these countries, the relationship between ideology and voting intention
remains a complex one, and that a thorough analysis of the topic is not the main goal and is beyond the scope of the present
work.

3.2. Centrism and indecision as socio-political phenomena

In the field of political sociology, connecting lines are observed between research about center as category of mass
ideological positioning and studies about undecided behavior as engine of electoral dynamics inside contemporary
democracies.
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Fig. 2. Simulated temporal evolution of opinions, for p1 = 1, p2 = 0 and p3 = 0, and contagion ranges from 1 to 9.

On one hand, moderate or intermediate ideological positions represented by the political center receive differential
evaluation in analytical and axiological terms: they symbolize both an opportunist position of political autism marked by
skepticism, low cognitive engagement and tendency to passivity [36], and also the democratic maturity of a cautious stance
that, with tolerance and rationality, avoids the fanaticism of the ideological extremes [37].

On the other hand, indecision is a current and rising phenomenon which affects both recent and consolidated democ-
racies. The comparative analysis of election statistics shows that, within the segment of undecided people, we may find
‘‘peripheral’’ or ‘‘marginal’’ individuals in terms of social resources and political attitudes as well as politically sophisticated
people motivated and interested in participating or opining. Thus, social conditions and implicit attitudes [38] on individual
level become significant variables for the prediction of fluctuating behavior. Inside the ideologically ‘‘neutral’’ electorate,
people who are positioned in the center as well as those who cannot self-position on this scale, often are more impres-
sionable and less determined subjects susceptible to change their positions during a campaign. This situation consequently
validates the idea of a greater ‘‘porosity’’ of this group in terms of political marketing [39].

3.3. Computer simulations

In a first stage, we performed a series of computer simulations with different values of the interaction range, and with
p1 = 1, p2 = 0 and p3 = 0. This means that, in a first stage, we did not take into account undecided agents (as pointed out
in Section 2.4, their number remains constant during the simulation) neither polarization.

Fig. 2 shows the temporal evolution of the opinion distribution for this first example, for contagion ranges from 1 to 9. It
can be observed that, in most cases, the final state does not consist of a single peak, but several peaks that are separated by a
distance larger than the considered contagion range. That means that the final opinion values of any two individual agents
either is the same or differ by a number larger than the interaction range. This is in concordance with the theoretical results
found in Ref. [22].

In several of these cases, most agents converge to a single opinion (i.e. the final distribution of opinions for a simulation
consists of a single peak of one opinion value). In order to quantify the probability of convergence to any opinion value for
each case, 20 000 simulations of 5000 steps were performed, and the average number of simulations that end with a given
final value of opinion was calculated. The criterion used was to add 1 to the number of simulations ended with a given value
every time that the fraction of agents with that opinion value exceeds 0.5 at the end of the simulation.

Fig. 3 shows the distribution of the probability of obtaining a single peak for each opinion value, with probabilities p1 = 1,
p2 = 0 and p3 = 0 (i.e. for the same cases analyzed in Fig. 2). The 10 possible values of contagion range are analyzed. In this
case, only direct contagion of opinion within the contagion range is taken into account, and undecided agents do not play
any role. From the figure, it can be seen that for the case of contagion ranges 1 and 2, convergence to a single peak is not very
probable, this tendency being worse in the case of range 1. In the case of contagion range 2 this probability tends to zero
for extreme opinion values. For contagion range 3, the opinion distribution is almost constant within the 3 to 7 interval of
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Fig. 3. Probability distribution of obtaining a single peak in every opinion value, averaged over 20000 simulations, for the 10 possible range values, for
p1 = 1, p2 = 0 and p3 = 0.

Fig. 4. Probability distribution of obtaining a single peak in every opinion value, averaged over 20000 simulations, for the 10 possible range values, for
p1 = 1, p2 = 0 and p3 = 1, with polarization.

opinions, and decays for the first and final three values. As the contagion range increases, the distribution takes the shape
of a wide plateau, and gets constant for the case of contagion range = 10, for which a single peak is always reached.

Fig. 4 analyzes the case that includes contagion and polarization. The probability of obtaining a single peak is trivially
equal to 0 for contagion ranges 1–4, for all opinion values. For contagion range = 5 there is a peak at opinion value = 5 and
two other peaks at 0 and 10. For contagion range 6, the probability of having a single peak is approximately 0.09 for opinion
values from 4 to 6, has a value of around 0.3 for opinion values 0 and 10, and is zero otherwise. In general, it can be seen
that for contagion ranges with values from r = 5 to r = 8, there is a probability of obtaining a single peak with a value
approximately equal to 0.09 (1/11, according to the initial distribution) for opinions from 10− r to r , and a probability with
a higher value for opinions 0 and 10. For ranges r = 9 and 10, the distribution is almost uniform.

Fig. 5 shows the temporal evolution of the opinion distribution for p1 = 1, p2 = 1 and contagion ranges from 1 to 9. It
can be observed that for small interaction ranges, the opinion evolves towards a single peak centered in 5, in analogy with
the real cases studied in the surveys.
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Fig. 5. Simulated temporal evolution of opinions, for p1 = 1, p2 = 1 and contagion ranges from 1 to 9.

Fig. 6. Probability distribution of obtaining a single peak in every opinion value, averaged over 20000 simulations, for the 10 possible range values, for
p1 = 1 and p2 = 1.

Fig. 6 shows the distribution of peaks with probabilities p1 = 1 and p2 = 1 (p3 is not relevant). It can be observed that
a final peak for opinion 5 is highly favored, especially for small ranges of interaction. For r ranging from 1 to 5, there is a
peak with a maximum at an opinion value of 5 whose height decreases with increasing r . For ranges from r = 6 to 10, the
probability reaches a plateau at opinion values ranging from 10 − r to r and decays towards the extremes. For r = 10, the
distribution is uniform.

Fig. 7 shows the distribution of peaks with probabilities p1 = 0.1, p2 = 1 and p3 = 0. Here we can observe, for all of the
cases, a high peak at an opinion value of 5. For interaction ranges from r = 1 to 4 there is also a small but non-zero value
of probability for opinion values ranging from 5 − r to 5 + r; for the rest of opinion values the probability is 0. For ranges
from r = 5 to 10 we find a high peak at an opinion value of 5 and a uniform small non-zero probability for the rest of the
opinion values.

In order to analyze the convergence of opinion and its dependence with the interaction range, the total probability of
obtention of a single peak (regardless of the particular opinion value at which it was obtained) was calculated for different
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Fig. 7. Probability distribution of obtaining a single peak in every opinion value, averaged over 20000 simulations, for the 10 possible range values, for
p1 = 0.1 and p2 = 1.

Fig. 8. Probability of obtention of a single final peak (at any opinion value), for p1 = 1, p2 = 0, and two values of p3 (0 and 1).

interaction ranges. For most combinations of p1, p2 and p3, in particular with the presence of undecided agents taken into
account, the results were trivial, with a total probability equal to 1. That means that, in the presence of undecided agents,
convergence to a single peak always occurs. Noteworthy results were obtained for the particular case of p2 = 0, and are
shown in Fig. 8. Two cases are considered: p1 = 1, p2 = 0 and p3 = 0, that is, taking into account only the possibility of
direct contagion within the interaction range; and p1 = 1, p2 = 0 and p3 = 1, which has the added effect of polarization
taken into account. For the first case, the total probability is zero for interaction range equal to 1 and then starts to grow
smoothly. In the second case, the total probability is zero for ranges from 0 to 4 and then starts to grow.

3.4. Phase diagrams

Some phase diagrams were constructed in order to analyze systematically the effect of the values that the parameters
can take on the final distribution of the peaks.
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Fig. 9 explores the variation of p2 and the range r for fixed values of p1 and p3. In these cases we have taken p1 = 1 and
p3 = 0. In the resulting phase diagram 5 distinct regions were identified. For the case of range r = 0 (that is, in absence
of direct contagion), we have a unique peak at 5, with zero probability for other values, which means that for all cases, the
final state of the simulation is a single peak at opinion 5. This is observed for all possible values of p2. The maximum at 5 is
also observed for ranges 1–5 with an smooth distribution, decreasing towards the extremes, for all values of p2, except the
very small ones. For ranges 6–7 there is an smooth distribution centered at 5 and decreasing towards the extremes (except
for very small values of p2). For ranges 8–9 there is an almost uniform distribution, but decreasing at the extremes. Finally,
for r = 10 we can observe a completely uniform distribution.

Fig. 10 shows a more complex phase diagram. In this case the values of p1 and p2 were fixed at p1 = 1 and p2 = 0.1 and
all the possible values of r and p3 were explored. For r = 10 we have a totally uniform distribution, while for r = 9 we have
a smooth distribution decreasing towards the extremes. This behavior is also observed for ranges 6–8 and small values of
p3. For higher values of p3 and ranges r = 6–8 the following situation is observed: a plateau at the interval [10 − r, r], then
a decrease and finally two peaks at the extremes (0 and 10). On the other hand, for r = 0 and small values of (p3), we have
only a maximum at 5. For range 0–5 and high values of p3 we can observe three peaks positioned at opinion values 0, 5 and
10. This is also observed for intermediate values of p3, but with non-zero values for the rest of opinions. Finally, for ranges
form 1 to 5 and small values of p3 a maximum at 5 is also observed with non-zero values for the rest of opinions. In some
cases, subpeaks at other opinion values are also observed.
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Fig. 11. Final distribution of the peaks for different initial conditions and four combinations of parameters: (a) range r = 1, p1 = 1, p2 = 0 and p3 = 0;
(b) range r = 1, p1 = 1, p2 = 1 and p3 = 0; (c) range r = 2, p1 = 1, p2 = 0 and p3 = 0; (d) range r = 10, p1 = 1, p2 = 0 and p3 = 0.

Two more phase diagram were performed, but they are not shown because the results are trivial. We have explored the
different combinations of p1 and p2 for the following cases: r = 1, p3 = 0 and r = 10, p3 = 0.

For the first case (r = 1, p3 = 0) it was observed a maximum at 5 with a sharp decrease towards the extremes for most
cases. One of the exceptions is the observation of one peak at 5, but with a smooth distribution towards the extremes, for
the case of p1 = 1 or for low values of p2. The extreme case of p2 = 0 gives as a result total absence of peaks. On the other
hand, the extreme case of p1 = 0 gives a sharp peak at 5.

For the second case (r = 10, p3 = 0) and for most cases it was observed a maximum at 5 with uniform distribution for
the rest of opinion values. One of the exceptions is the observation of uniform distribution for the extreme cases of p1 = 1
and for p2 = 0. The other exception is the observation of a single peak at 5 with a value of zero for all other opinions, which
is observed for p1 = 0 and all values of p2.

3.5. Initial conditions

In order to analyze the effect of the initial conditions on the final distribution of peaks, a series of simulations were
performed with 6 different initial conditions. In these cases, a total number of L = 1300 agents were considered with the
following distribution: 100 agents for most of the opinion values and 200 agents for one particular opinion value, ranging
from 0 to 5. The cases 6–10 were not considered due to the symmetry of the problem.

Fig. 11 shows the final distribution of the peaks for four combinations of parameters: (a) range r = 1, p1 = 1, p2 = 0
and p3 = 0; (b) range r = 1, p1 = 1, p2 = 1 and p3 = 0; (c) range r = 2, p1 = 1, p2 = 0 and p3 = 0; (d) range r = 10,
p1 = 1, p2 = 0 and p3 = 0;

For the case (a), the main observation is the low fraction of results ending at one unique peak. That is the reason for the
noisy results. We have a smooth distribution centered mainly around the initial peak. When we move the initial condition
from 5 to 0, there is a displacement towards the left, but at the extremes, the maximum does not coincide exactly with the
initial peak. For the initial peaks at 0 and 1, the final distribution has a maximum at 2.

For the case (b), that is with the contribution of undecided, there is always amaximum at 5.Whenwe consider the initial
peak at a certain value on the left, there is a tendency to have some ended at the opinion value 4.

For the case (c), that iswith r = 2 andwithout the influence of undecided, the final distribution is centered in coincidence
with the initial peak, except for the extreme cases of 0 and 1, where the final distribution is centered at 2.

For the case (d), that is with r = 10, the final distribution of peaks coincide exactlywith the initial conditions. Thatmeans
a uniform distribution for all values, except the value corresponding to the initial peak, where we have a maximum.

4. Summary and conclusions

In the present work, the evolution of the ideological self-positioning of an ensemble of agents was studied using a
statistical physics model, and the outcomes were compared to real data opinion polls of some South American countries.
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The opinion polls distributions exhibit a single peak centered at 5 for all countries and all years studied. On the other
hand the simulations indicate that when undecided agents are not taken into account, the probability of obtaining a single
peak depends on the contagion range. Nevertheless, when undecided agents are included in the simulation, it converges to
a single peak of opinion. It is observed that the probability to find that peak at 5 increases when the range of contagion is
small.

Based on sociological grounds, the observed connection within the scientific literature about collective behavior of
undecided people and centrist sectors under the political conditions of contemporary mass democracies allows to assume
– at least provisionally – the explanatory validity of the opinion dynamics studied in our model.
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