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Fig. 13. On the left: Clusters of individuals in their attitude space for a 1000-individual population
after 4005000000 iterations for um = 0.1, us = 0.1. Each dot represent a cluster and the labels
indicate their size. The main attitude is represented in abscissa while the secondary is on the
y-axis. On the right: evolution of the average opinion on the least important dimension (y) of the
more extreme negative cluster regarding this dimension (it has the size 10)

Fig. 14. Average size of the biggest and the smallest cluster and size of clusters if all clusters have
equal size (it means that the size of a cluster corresponds to the size of the population divided by
the average measured number of clusters larger than 1% of the population) for various values of
um and us (all expressed in % of the population composed from 1000 individuals).

5. Discussion and conclusion

The experimental results are in good accordance with our hypothesis. The number
and the size of clusters are ruled by the bounded confidence dynamics on the main
dimension. This behaviour is not modified by the population size, as for the bounded
confidence model. The measures on fluctuations and polarisation confirmed our
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hypothesis for us >
2

( 1
um
−1) and disconfirmed, in a finite time, for the other values

of us. While we predict static and low polarized clusters for these latter values, we
observe quite highly polarized clusters and intra-group fluctuations. This is due to
the presence of minor clusters which imply a very long continuous rejection making
the stable state reachable in a very very long time, sometimes too long in practice.
The model is ruled by the bounded confidence model on the main dimension and,
for this model, minor clusters regularly appear [35][36] between the big clusters and
on the border of the attitude space, as pointed out by [35][36].

Now, the main discussion is about the interpretative potential of this model. Do
its typical opinion evolutions fit observed stylised facts? The first typical opinion
evolution is obtained for us ≤ 2

( 1
um
−1) , meaning for these values, the simulations

are mainly ruled by the attraction process (we suppose here that the width of the
attitudinal dimension is 2 because the attitudes take values between -1 and +1).
Individuals begin to discuss and they quickly agree on the secondary attitudinal
dimension: they all join the mid position on this dimension. They act exactly as
people who easily agree on details. Then, individuals form clusters on the main
dimension. The most important aspects define each group as a unique entity. When
the groups are sufficiently formed, individuals begin to reject each other on the
secondary dimension due to their high distance on the main dimension. We get a
behaviour which reminds the results of experiments: when they belong to different
groups (defined on the main attitude), individuals having the same attitude on
secondary aspects reject each other. It is also very close to the process of group
formation and the increase of the cohesion described by Turner in 1984 [34].

For these opinion evolutions, we can also observe a great effect of small minori-
ties. They almost always exist even if they generally represent less than one percent
of the population. They maintain some intra-group fluctuations in the major groups
due to their rejection for a very long time. Depending on their attitude values, they
can also push the major groups to slowly polarize more than they would do with-
out these minor clusters. For a long time in social science, minorities had reputed
having no effect on majority groups. It has now changed; they appear as a source
of creativity and interrogation, a sort of openness or alternative. Indeed, they avoid
too much stability and often shake the public debate. Our model may account for
such dynamics.

The second typical opinion evolution occurs when the rejection threshold is sig-
nificantly higher than the attraction threshold. For these values, in these the sim-
ulations the rejection process is dominant. The initial attraction on the secondary
dimension is weak. Indeed, as the attraction on the main dimension is low, many in-
dividuals stay far from each other. The polarization on this dimension begins before
the groups have been really formed. In this case, people are very narrow-minded
about what is important for them. Thus they form a lot of groups. Moreover, indi-
viduals want to be very different from individuals of other groups on the secondary
dimension. They socially define themselves by differentiation to others. It results
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on constant fluctuations on the secondary dimension.
These fluctuations remain in-group fluctuations on the secondary dimension

if the rejection threshold is not too high. Groups are less cohesive on the least
important dimension. Individuals continuously define themselves on this dimension
by differentiation to the other groups. However, they define themselves as a member
of their group on the important dimension.

When the rejection threshold becomes even larger, individuals remain in a con-
tinuous indecision and always fluctuate without being able to form a group on this
secondary dimension. This can remind political regimes with a lot of small parties
which are subject to frequent tactical changes of positions to differentiate from each
other. However, this particular opinion evolution does not fit any observation from
the experiments we took as a source of inspiration. A deeper investigation in the
social psychological work would help to determine if it can be related to precise
observations.

Another effect of a very large rejection threshold is the creation of extremist
groups. The cohesiveness and the stability of these groups depend on the attraction
threshold. Individuals composing these groups fluctuate a lot on the secondary
dimension when the attraction threshold is low, as mentioned previously. However,
when the attraction threshold is large, these extremist groups are stable and it is
the centrist groups which is less cohesive. This latter situation sounds more realistic.
In the political domain, the groups of extremists are generally cohesive even on a
question which does not define their groups, whereas, the more centrist groups are
more likely to vary on questions which are not group-relevant.

Complementary investigations would be useful to check the robustness of these
conclusions:

• The initial distribution of attitudes has an impact on the stationary state config-
uration, and using the uniform distribution is not the most realistic hypothesis.
Testing other rules for initialization could be useful.
• We should also vary the speed of the attitude move (parameter µ), since we

noticed that this parameter can have a strong impact on our first model with
rejection [34] but also because it is probably able to suppress the minor clusters
as suggested by [37].
• It would be worth considering a distribution of values for the thresholds instead

of considering that all individual share the same values.
• We should study the model with more than two attitudes and determine the

impact of a selective discussion (an individual has to choose what it wants to
discuss).
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