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aCentro Atómico Bariloche, CONICET and Instituto Balseiro, 8400 San Carlos de Bariloche,

Rı́o Negro, Argentina
bInstituto de Fı́sica, UFRGS, Caixa Postal 15051, 91501-970 Porto Alegre, RS, Brazil
cConsortium of the Americas for Interdisciplinary Science, University of New Mexico,

Albuquerque, NM 87131, USA

Received 3 November 2004

Available online 22 January 2005
Abstract

We study the mutual influence of authority and persuasion in the flow of opinions. We

describe a simple model with no social mobility, where each agent belongs to a class in the

hierarchy and has also a persuasion capability. Agents use the force of its persuasion to

propagate their opinions; however a high-rank agent can also use its authority to impose its

opinion on other ones. The model is studied analytically within a mean field approximation

and by means of numerical simulations. In the case of a three authority level hierarchy the

agreement between the two approaches is excellent. We obtain a phase diagram identifying the

relative frequency of the prevailing opinions, and find that the stratum where the dominant

opinion arises from is strongly dependent on the relative population of each hierarchy level.

The time evolution shows that conflicting opinions polarize after a short transient.
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1. Introduction

The formation of public opinion has been the subject of a number of works, from the
pioneering papers of Galam et al. [1] to the seminal ideas of Axelrod in the field of
dissemination of culture [2]. More recently, many authors tried to capture the
fundamental processes that determine the emergence or not of consensus within a
population [3–9]. In Refs. [4,5] the condition to reach consensus in well mixed
populations is analyzed. Additional results of similar models have been shown in Refs.
[7–9], such as the relevance of the dynamical time scale on the formation of minorities
and the role of a complex topology in the contact network. Also, the fact that a finite
fraction of the population does not engage in the dynamics of a public opinion has been
observed in mathematical models of the propagation of rumors [10,11]. A more general
class of models has been studied in Ref. [6], in systems of completely connected agents.
From a complementary point of view, sociologists regard the formation of a public
opinion as the result of social interactions and communication [12].
In any environment, opinion leaders play a major role in defining important issues

and in influencing individual opinions regarding them. This is especially true in
hierarchical organizations. A hierarchical organization characterizes many social
institutions, ranging from families to companies or governments, armies or churches.
The emergence of a hierarchical structure in social networks is, by its own, the subject of
related studies, such as those found in [13–17]. In a hierarchical system, the interaction
between two individuals is asymmetric if one of them belongs to a higher level of the
hierarchy. Consequently, that agent can exploit its authority to impose its opinion on
the other one, regardless of the actual value of this opinion. Nevertheless, the lower
levels of the hierarchy may well be able to impose their opinion to the higher ones, if
they are persuasive enough. The situation is, to some extent, similar to ecological
systems involving competition between species that display different colonization
capabilities: the worse competitor may thrive if it is a better colonizer [18,19].
The purpose of the present paper is to study a simple model for the flow of opinions

in a hierarchical social system. More precisely, we take some of the features discussed
above—specifically persuasion and authority—as a metaphor for the interaction
between agents regarding the social environment and the existence of leadership. In our
model, the agents are organized in a hierarchy that determines their degree of authority
in any pair interaction. Besides, each agent is endowed with a persuasion ability that
may allow it to convey its opinion to another agent, even against authority.
2. Model

We consider a population of N interacting agents, each of them belonging to an
authority stratum, and having persuasion and opinion attributes. The agents are
distributed in a hierarchy of r authority levels enumerated from 1 (lowest authority)
to r (highest authority). We call xi; with 1pipr; the fraction of the population that
belongs to each level of the hierarchy. The persuasion capacity is characterized by a
uniformly distributed random variable, pi 2 ½0; 1�; assigned to each agent, which is
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the probability of imposing its own opinion to another agent. This means that an
agent with pi ¼ 1 will always convince the others with which it interacts (irrespective
of their authorities), while pi ¼ 0 implies that the agent will never impose its opinion
by persuasion (hence, it relays on its authority to make its opinion adopted by
others). The opinion of each agent is denoted by Oi (with 1pipN) and its initial
value simply coincides with the agent’s label (i.e., Oiðt ¼ 0Þ ¼ i). Afterward, the
opinions will change as the result of the interaction between agents. On the contrary,
belonging to a given authority stratum and having a given persuasion probability are
attributes that do not change in time.
The interaction between agents is pairwise and directed: one active agent trying to

persuade another passive one. Agents belonging to different levels of the hierarchy may
interact or not, and several examples will be discussed below. As a result of the
interaction the passive agent can change its opinion, either because of the active agent
persuasion or because of the relative level of authority between both agents. The
interaction rules are the following: At each discrete time an active agent i and a passive
one j are picked up at random, and only the second one (j) will be prompted to change
its opinion because of the first one’s influence. First it is checked if, according to the
rules, the directed interaction i ! j is possible. If the condition is not satisfied a next
pair of agents is picked up. When the condition for interaction is fulfilled, agent i will
try to use first its persuasion: it has a probability pi of convincing agent j. In the
simulations, (see Section 3.2) this is done in a Monte Carlo way: a random number w is
generated and if it happens to be smaller than pi (its own value of persuasion) the
opinion of i will be accepted by j. If persuasion fails, authority is applied: if the
authority level of i is strictly greater than that of j, then the new opinion of j will be that
of i (Ojðt þ 1Þ ¼ OiðtÞ). Otherwise agent j will keep its current opinion. When assuming
that the passive agent is the one that can change its opinion, we are modeling a
situation where the active one can be successful or not in imposing its opinion to its
partner, but cannot change its own mind because of the interaction. Such situation,
while it is not always true in real life, is a reasonable simplified scenario.
The final result of this process is the formation of a majority opinion that depends

on the fraction of agents belonging to each authority stratum. The fraction of
individuals that share one given opinion Oi is Ti; and the bigger Ti corresponds to the
opinion of the majority. In the simulations, each sample arrives always to a consensus
of opinions; this means that in the stationary state all agents share the same opinion:
there exists an opinion Oi for which Ti ¼ 1 while all the others are zero. Because of
the initial condition chosen, the value of the resulting dominant opinion identifies the
agent i that has convinced the whole population, which is called the leader.
3. Results

3.1. Mean field

Let us call xi the fraction of the population belonging to an authority stratum i

and Tj the fraction sharing the opinion j. While xi is a fixed parameter of the model,
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because there is no social mobility, Tj changes in time. In a mean field approach to
this model we compute, at each time step, the averages of Tj’s. Within this
approximation, we can evaluate the equilibrium state of the system as a function of
the xi’s, which define the hierarchical distribution of the population. We assume
here, without loss of generality, that the number of different opinions is equal to the
number of levels of hierarchy. This assumption is equivalent to supposing that,
because of in-level interaction, all agents have the opinion of the more persuasive
within them (the leader of that hierarchy level). In other words we can imagine the
dynamics of opinion formation as happening in two stages: First within each
authority stratum, until equilibrium is reached inside them, and then between
authority groups until final equilibrium is attained.
The final output of the mean field analysis are the fractions of individuals that

share each one of the opinions, Tj : Initially the Tj’s coincide with the fraction of
agents in each hierarchy stratum (Tjðt ¼ 0Þ ¼ xj); then they will change due to the
opinion dynamics until an equilibrium situation is reached. The mean field analysis
allows us to obtain the final state as well as the whole dynamics for the Tj ’s. For each
set of x’s there is only one final state of the system, represented by Tj ¼ Tjðt ! 1Þ:
The Tj’s represent the coexistence of opinions in the asymptotic equilibrium state,
that can be interpreted as the average of the final state over an ensemble of different
initial conditions of the model (i.e., different initial distribution of persuasions).
If we call Gij (1pði; jÞpr) the subgroup of agents with authority i and opinion j,

the dynamics of the system can be fully described by studying the evolution of gijðtÞ;
defined as the population, at time t, of the subgroup Gij : To perform the mean field
calculation suppose that two agents are chosen at random: the active agent from
subgroup Gij and the passive one from subgroup Gkl : The first agent will convince
the second one depending upon the relative authority rank between them, or the
persuasion of the first one. In other words the passive agent will move from
subgroup Gkl to subgroup Gkj with a probability bik: That means that the passive
agent from Gkl adopts the opinion of the active agent from Gij ; so it changes its
opinion, j ! l; while keeping its authority, k. Since the dynamics cannot change the
total number of agents in each level of authority, there are r constraints:

Pr
j¼0 gij ¼

xi; for all i, where xi is the fraction of agents with authority index i, as defined
previously. By considering, at time t þ 1; the probabilities that members of
subgroups other than Gij enter or leave this group, an evolution equation can be
written for all the subgroups. Let OiðtÞ ¼ ðg1iðtÞ; g2iðtÞ; . . . ; griðtÞÞ be the vector of
populations of the opinion group i belonging to different authority strata from 1 to r.
After an interaction, a passive agent can change its opinion but will always keep its
authority level, so all transitions are between subgroups with the same authority
index. They can, however, be induced by active agents from any authority group.
Let us first consider transitions induced by agents belonging to the same authority

group. The interaction where one member of Gij convinces a member of Gik

(transition Gik ! Gij) happens with probability gijgikbii; and its result is the addition
of one member to Gij and the reduction of one member in Gik: But with the same
probability the opposite interaction takes place, i.e., one member of Gik convinces a
member of Gij : Thus, both fluxes compensate, and they do not influence the
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dynamics. On the other hand, when considering transitions induced from different
authority groups, the asymmetry becomes manifest. The probability that a member
of Gkj induces the transition Gil ! Gij is gkjgilbki; whereas the opposite transition,
induced by an agent from Gil happens with probability gilgkjbik: By taking into
account all the interactions that add or remove one agent to Gij ; we get

Ngijðt þ 1Þ ¼ NgijðtÞ

þ
X

kaj

g1jgikb1i þ � � � þ
X

kaj

grjgikbri

�
X

kaj

g1kgijb1i � � � � �
X

kaj

grkgijbri; 0oi; jor ; ð1Þ

where the
P

kaj gijgikbii terms are not included in the sums; notice also, that k ¼ j is
omitted in all sums, because they do not add or subtract agents from opinion j (they
are already convinced). The explicit temporal dependence of the g’s has been left out
in order not to overload the notation. Each positive sum represents the total
probability that a transition to Gij is induced by a member of any authority
group (all of them with opinion j). Conversely, each negative sum represents the
probability that a transition from Gij is induced by a member of any authority group
(all with opinion different from j). Grouping terms and using the conditionsPN

j¼1 gij ¼ xi we obtain

Ngijðt þ 1Þ ¼ NgijðtÞ

� gijðtÞ
X

kai

xkbki þ xi

X

kai

gkjðtÞbki; 0oi; jor ð2Þ

and the following expression for the time evolution of OiðtÞ is obtained

Oiðt þ 1Þ ¼ ðI þ A=NÞOiðtÞ; 0oior ; (3)

where I is the identity matrix, and the matrix A is given by

Aii ¼ �
X

kai

xkbki ; (4)

Aij ¼ xibji; iaj : (5)

Notice that the matrix A is not symmetric. Moreover, it has only negative or null
eigenvalues because the population of each opinion group must remain bounded.
Indeed, it has one null eigenvalue, corresponding to the eigenvector O ¼ ðx1; . . . ;xrÞ:
This is evident from the fact that the number of agents in each authority group must
be conserved:

Pr
i¼0Oiðt þ 1Þ ¼

Pr
i¼0OiðtÞ ¼ O: According to the Frobenius–Perron

theorem (applied to the matrix ðI þ A=NÞ), this is the only eigenvector corresponding
to the null eigenvalue of A; provided that A is such that opinions are allowed to
‘‘flow’’ to every authority level. This is equivalent to demanding that the evolution
cannot be decoupled, as it is the case in the present work. For large values of N

Eq. (3) can be written as

OiðtÞ ¼ expðAt=NÞOið0Þ; 0oior ; (6)
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where Oklð0Þ ¼ dklxl : To obtain an expression independent of the number of agents
N we rescale the time, t ! tN: As a consequence of the fact that A has only one non-
negative eigenvalue, the calculation of the asymptotic populations of each subgroups
is an easy task: in the limit t ! 1; the evolution matrix ðI þ A=NÞ

t has only one
non-vanishing eigenvalue, whose value is 1. Thus, limt!1 ðI þ A=NÞ

t
¼ P�1QP;

where Q is a matrix whose only non-zero element is Q11 ¼ 1; P�1 is the matrix of
right eigenvectors of A and P is the matrix of its left eigenvectors. As we need only
the eigenvectors corresponding to the non-zero eigenvalue and, as it was mentioned
above, its right eigenvector is already known, we only have to calculate the left
eigenvector; i.e., v such that vA ¼ 0: This eigenvector is very easily obtained by
taking the vector product of any r � 1 columns of the matrix A:With this procedure,
v is obtained up to a multiplicative constant C which can be calculated by imposing
the restriction that the fraction of agents in each level (xi) is constant. Consequently,
the asymptotic populations are given by

gijð1Þ ¼ Cxixjvj ; 0oi; jor ; (7)

C�1 ¼
Xr

j¼0

xjvj ; (8)

where the vj are the components of the vector v:
We have focused our attention in systems with r ¼ 3 (three levels of hierarchy)

mostly because it is possible to display the results on a 2-D phase diagram in the
space of xi’s. Therefore, the transition probabilities bik are the elements of a 3� 3
matrix, and can have values 0, 1

2
; or 1, depending on the following different

situations. If the authority stratum i does not communicate with level k then bik ¼ 0:
If i4k; i.e., the authority of the i-agent is ranked higher than that of k and can
communicate with it, then bik ¼ 1 (authority is applied and the lower hierarchy agent
must change its opinion). When ipk and they can communicate, we take bik ¼ 1

2: In
this situation, persuasion is the only way to induce a change of opinion, thus the
outcome of the interaction is random (if the persuasion of the agent is a uniform
random variable in the ½0; 1� interval, the average probability of convincing the
passive agent is 1

2
). Summarizing, in the r ¼ 3 case, the effect of both authority and

persuasion rules is expressed in the values of bik; as follows: diagonal elements of
value b11 ¼ b22 ¼ b33 ¼

1
2
(the same-level interaction). The authority is expressed in

b32 ¼ b21 ¼ 1 and persuasion in b23 ¼ b12 ¼
1
2
: These values are of general validity

for the model we are studying. The two remaining matrix elements have values that
depend on the particular selection of rules of each case, i.e., whether they can
communicate or not.
The first example to be studied below, both in the mean field framework and by

Monte Carlo simulation, has b31 ¼ 1 (the top authority level can modify the
opinions of all the others), b13 ¼ 0 (the lower level can only influence agents from the
same or adjacent authority levels). We also consider two other cases. In the first of
them, b31 ¼ b13 ¼ 0 (no communication between the most distant levels). In the final
example, b31 ¼ 1 and b13 ¼

1
2 (communication between the most distant levels in

both directions).
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Two more comments on the values of bij: This matrix is constant in time because
the interactions does not affect neither the authority nor the persuasion of the
agents, so the distribution of persuasion within each level remains unaffected.
The assumption of bij ¼

1
2; for the interactions that resort on persuasion, is valid,

apart from finite size effects, because these distributions are uniform within each
hierarchy level.
We show on Fig. 1 the phase diagram for the first example (b31 ¼ 1 and b13 ¼ 0).

It is constructed by varying the fraction of agents in authority levels 2 and 3, x2 and
x3; which label the vertical and horizontal axes respectively. The final state of the
system, in the mean field approximation, is a coexistence of opinions, labeled by Ti;
which is the fraction of agents that endorses the opinion i in the asymptotic limit.
Similarly, Ti4Tj4Tk indicates the region where the prevailing opinion corresponds
to the ith authority level, followed by the opinions from jth and kth levels. The mean
field results are represented by lines in Fig. 1 separating the different regions (where
one hierarchy prevails). The points are obtained by simulations on the same system;
the detail of this will be given in the next section. It can be observed that in a large
region of the phase space the opinion of the highest authority group prevails
(T34T2; and T34T1), as it is expected. However, when the fraction of agents in the
top level is below x3 ¼

1
3
; the intermediate stratum may impose its opinions (T24T3;

and T24T1). Finally, when there are very few top authority agents and a fraction x2
of intermediate agents lower than 1

3
; the opinion of the lowest stratum may

overwhelm the top ones (T14T2; and T14T3). So, it is interesting to notice that,
even in this unfavorable case for the lowest level of the hierarchy (they are not
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2

1

Fig. 1. Phase diagram showing coexisting opinions in the asymptotic state. In each region the frequencies

of the opinions follow the order denoted by the displayed inequalities. Labels x2 and x3 indicates the

fraction of the population in the intermediate and upper levels of authority, respectively. The lines

represent the results of the mean field model when communication between level 3 and 1 is in one

direction, from the highest to the lower level (b31 ¼ 1 and b13 ¼ 0).
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allowed to communicate with the highest level), there is a region of the parameters
for which they can become the prevailing opinion group.
Results of the second example are shown in Fig. 2. This is the case where both, the

highest and lowest levels of authority cannot communicate with each other: b13 ¼
b31 ¼ 0: The other matrix elements obey the authority hierarchy (b32 ¼ b21 ¼ 1), and
the mean field persuasion assumption (b11 ¼ b22 ¼ b33 ¼ b12 ¼ b23 ¼

1
2
) as usual.

Notice that if the intermediate level is not populated no evolution is possible. When
comparing the results of Fig. 2 with those of the previous case we observe several
interesting changes. The transition lines T1 ¼ T2 and T1 ¼ T3 change favoring the
lowest level. Even more, the change in the T1 ¼ T3 line allows the lowest authority
level to impose its opinion, for a significant range of x3 values, something that does
not happen in the first example. The extended success of the lowest level comes
obviously from the fact that the highest level cannot communicate with it directly.
We finally analyze the case in which communication is possible between all levels

and in both directions, respecting the authority constraint (b31 ¼ 1; b13 ¼
1
2
). The

resulting phase diagram is similar to the one of Fig. 2, being the main difference an
increase of the lowest level influence region. This is due to the fact that now the
lowest level can communicate with the others, and has the side effect of slightly
increase the influence region of the intermediate level. Both changes obviously
happens at the expenses of the highest level.
0.0 0.5 1.0
0.0

0.2

0.4

0.6

0.8

1.0

x3

T1=T2  

T2=T3  
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T1>T2>T3

T1=0

x 2

Fig. 2. Phase diagram showing coexisting opinions in the asymptotic state. In each region the frequencies

of the opinions follow the order denoted by the displayed inequalities. Labels x2 and x3 indicate the

fraction of the population in the intermediate and upper levels of authority, respectively. The lines

represent the results of the mean field model when communication is allowed only between the same or

adjacent levels of the hierarchy (b13 ¼ b31 ¼ 0).
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3.2. Simulations

We have performed numerical simulations of the model presented in Section 2 for
r ¼ 3 authority levels. We consider N agents distributed on the three authority levels,
setting the fraction in each level as xj ðj ¼ 1; 2; 3Þ: We assign their values of
persuasion pi ði ¼ 1; . . . ;NÞ at random. Initially, each agent has its own opinion
different from the others and represented by its label: Oiðt ¼ 0Þ ¼ i: Then, the
dynamics proceeds as it was explained in Section 2. For all the initial conditions and
random number sequences studied, the simulations arrive to a final state of
consensus. As we said before, for a given allocation of agents among the authority
strata, the values of the persuasion are attributed at random. Therefore, the leader
can belong to different authority levels for different initial conditions. In order to
characterize the leader’s origin we make averages over an ensemble of samples. These
averages are made over different values of the persuasion for each agent. In this way,
for each set of xi’s (fraction of agents on each authority level, that defines a point in
the phase diagram) we obtain the frequencies of leader’s opinion.
The results of the simulations are presented in Fig. 1 together with the mean field

results. They correspond to the first example analyzed above: communication
between highest and lowest level in one direction (b31 ¼ 1 and b13 ¼ 0). Each point
in the phase diagram was made with a system of N ¼ 100 agents and 1000 samples.
Similarly as it was defined in the mean field result section, label Ti represents here the
frequency of samples in which a member of the ith level becomes the leader. And in a
region labeled with Ti4Tj4Tk the most frequent leader belongs to the ith level of
authority, followed by leaders from the jth and kth levels in this order. It is worth
noting that the results of the simulation—each point in the phase diagram—are
equivalent to the fractions of coexisting opinions in the final equilibrium mean field
state. The agreement between simulations and the analytical results is remarkable: all
the phase separations coincide almost exactly, with only some scattered points of the
simulation crossing the transition lines, as it is to be expected due to finite size and
finite number of samples effects. Since these results validate the hypothesis of the
mean field analysis, we do not present simulation results for the other examples.
Besides, we have verified that separating the dynamics in two stages: first within

each authority level until local equilibrium is reached, and after between different
levels, has no effect in the previous results. That is, the phase diagrams are
completely equivalent. Therefore the assumption of the mean field approach
of considering a number of opinions equal to the number of authority levels is
well justified.
To complete the characterization of the phase space, we plot in Fig. 3 a map of the

average persuasion of the leader agent corresponding to the points of the diagram of
Fig. 1. The smallest dots correspond to an average persuasion hpi ¼ 0:56 whereas the
largest ones correspond to hpi ¼ 0:68: We remark that the darkest regions in the
diagram correspond to situations where most of the population has the same value
of authority. This diagram reflects two facts: (a) when the majority of the agents
belongs to the same authority level, one of the more persuasive becomes the leader—
even the agents with the highest authority need a persuasion above the average to
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dots correspond to an average persuasion hpi ¼ 0:56 whereas the largest ones correspond to hpi ¼ 0:68:
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impose their opinion—and (b) in the region where all levels have similar population,
the authority prevails over the persuasion, although the average value of the leader’s
persuasion is bigger than the average persuasion over the population (hpi ¼ 0:5).
Whereas the phase diagram shown on Fig. 1 tells us which is the authority stratum

from where the leader comes, the examination of the time evolution that leads to this
final state may improve the comprehension of the mechanisms involved. This is done
in Fig. 4, for a system of N ¼ 1000 agents. Each curve corresponds to the number
of agents sharing the opinion of an agent belonging to the highest authority
level (circles), intermediate level (squares) and lowest level (triangles). Four different
samples are shown, for the same distribution of population in the three levels,
x3 ¼ 0:6; x2 ¼ 0:2 and x1 ¼ 0:2: In these figures we do not distinguish between
different opinions within a given authority level. We observe that, after a short
transient, the system becomes polarized. Agents belonging to one of the authority
strata are convinced by agents by one of the other two levels. Consequently, opinions
originated in this stratum quickly disappear, while agents in the other two levels keep
struggling for a longer period of time (see, for example, in Fig. 4(b) the struggle
between level 3 vs. level 1). The final result depends on the sample: while in Fig. 4(a)
an agent from level 3 becomes the leader, in Fig. 4(d) the leader comes from level 2.
It is remarkable that in Fig. 4(c) the fight is between the two lower levels, while the
opinion of the highest one disappears after a relatively long transient. From Fig. 4
we can conclude that in individual samples the leader could come from any of the
authority strata, independently of the population of each one, but with different
probabilities. Therefore we can expect that averaging over different samples the
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Fig. 4. Time evolution of the number of agents sharing the opinion of an agent belonging to a given

authority level (OiðtÞ), for a distribution in the hierarchy defined by x3 ¼ 0:6; x2 ¼ 0:2; and x1 ¼ 0:2:
Circles, squares, and triangles indicate the number of agents that have an opinion of an agent with

authority 3; 2; and 1 respectively.
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results should coincide with the mean field predictions at all times. This is verified in
Fig. 5 where we represent the averaged time evolution for 104 samples of a system of
N ¼ 100 agents in one point of the phase diagram (x3 ¼ 0:05; x2 ¼ 0:25 and
x1 ¼ 0:7). The most probable leader comes from the lowest level, followed by the
intermediate and the highest ones. The points are the results of the simulations while
the continuum lines correspond to the mean field results. The agreement between
them is again excellent.
4. Conclusions

We have described a simple model of opinion formation in a society where both
persuasion and authority are considered. The model has the advantage of having an
analytical mean field solution that exhibits an excellent agreement with the numerical
results. This is observed not only in the asymptotic state, but also during all the
dynamic process. We have concentrated in the three authority levels case because is
the minimum number of levels that gives non-trivial results and permits to explore
the hypothesis of the model. Also, in this case we are able to plot the results in a two-
dimensional phase diagram.
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The three examples that we have analyzed show that in general the highest level of
authority dominates the outcome. Its most favorable situation takes place when they
can freely impose their opinion on all the others, as in the first example. This can be
regarded as the most authoritarian situation because they do not ‘‘hear’’ the lowest
level ðb13 ¼ 0Þ: In this situation its opinion prevails up to the case when just a small
fraction of the population belongs to this level (Fig. 1). Then, if the population of the
intermediate level is also small, these few agents act as transmitters and the opinion
of the lowest level is imposed. When the percentage of occupation of the
intermediate level is bigger than 30 the opinion of the intermediate level prevails.
The result is a metaphor of the importance of the ‘‘middle class’’ as a transmitter to
modify the ruling opinions, even in the most authoritarian situations. Besides, the
diagram of Fig. 3 suggests that even among the agents belonging to the highest
authority group, the persuasion determines who will impose its opinion.
The other examples studied show that either cutting the direct communication

between the highest and lowest levels, or by letting the lowest level to persuade the
upper one, the influence of this lowest stratum of the population is highly boosted,
generally at the expenses of the top one.
Finally, the time evolution shows that conflicting opinions polarize after a short

transient. This polarization seems to be a verification of what happens in many
election contests when the public opinion converges to the two strongest candidates.
Summarizing, the present model captures the essence of the public opinion

dynamics in a hierarchical system where the interplay of persuasion and authority
gives rise to a rich dynamical behavior. We stress that the model is parameter free, a
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fact that we believe is relevant whenever some of the magnitudes involved, such as
persuasion, are difficult to quantify. The model can be improved by considering the
stubbornness (resistance to change its opinion) of the agents, as well as the social
mobility that will permit a successful persuading agent to go to higher authority
strata. We are conducting studies in these directions, as well as considering a higher
number of levels in the hierarchy.
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