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. In this paper, we focus on the level of polarisation of agents when they are majorly gathered into one cluster. We observe the emergence of various types of "extreme minor clusters". They can lead the population to a polarisation on minor issues, but also on fundamental ones. A very long transitory state of ingroup polarisation on secondary issues has been also exhibited. Some of these states are specific to mixed populations.

population, we focus on the parameter subspace where agents are majorly gathered into one cluster to study if it polarises. We discovered various types of emerging "extreme minor clusters". They can lead to a polarisation on minor issues, but also on fundamental ones. A very long transitory state of ingroup polarisation on secondary issues has been exhibited also. The following presents a non exhaustive state-of-theart before an overview of the model. The three next sections give details onto the results and their explanations. A last part discusses what we learn.

1

The state-of-the-art

For long polarisation has been neglected by scientists. Indeed, a large body of studies dedicated to how individuals change their attitudes have at first exhibited the tendency of people to be attracted to each other [START_REF] Allport | Social Psychology[END_REF][START_REF] Sherif | A study of some social factors in perception[END_REF], to conform Asch [START_REF] Asch | Forming Impressions of Personality[END_REF]. These "dynamics of attraction" lead to a consensus of people gathered in a single group due to a majority effect pushing everyone to a centred position. Therefore, with such a dominant dynamics, it is difficult to explain the diversity of opinions that is generally observed. Simulation models actually proposed different approaches, using binary attitudes, specific networks of interactions and various weights associated to the agents [START_REF] Axelrod | The dissemination of culture a model with local convergence and global polarization[END_REF][START_REF] Latané | Dynamic social impact and the consolidation, clustering, correlations and continuing diversity of culture (chapter 10)[END_REF][START_REF] Nowak | From Private Attitude to Public Opinion: A dynamic Theory of Social Impact[END_REF].

Another approach is inspired by the social comparison theory [START_REF] Festinger | A theory of social comparison processes[END_REF], and the social judgement theory [START_REF] Sherif | Social Judgment. Assimilation and contrast effects. Communication and attitude change[END_REF], assuming that the attraction decreases or even vanishes when the agent attitudes are very contrasted. Several computer models are based on this idea, and the simulations show that the agents tend to gather in groups of homogeneous attitudes called clusters [START_REF] Deffuant | Mixing beliefs among interacting agents[END_REF][START_REF] Hegselmann | Opinion Dynamics and Bounded Confidence Models, Analysis and Simulation[END_REF]. These models are usually called "bounded confidence" models. These models of bounded confidence are able to exhibit polarisation that they assume, accordingly to the literature, to be an attraction for a minority attitude [START_REF] Moscovici | The Group as a Polarizer Of Attitudes[END_REF] or a minority group [START_REF] Eagly | The Social Context of Attitude Formation and Change, in The Psychology of Attitudes[END_REF][START_REF] Isenberg | Group Polarization: A critical Review and Meta-Analysis[END_REF]. This is also in relation with ego-involvement since the social judgement theory [START_REF] Sherif | Social Judgment. Assimilation and contrast effects. Communication and attitude change[END_REF] assumes the ego-involvement level makes the sensitivity of the agents to persuasion: the influence increases and then decreases with the discrepancy between the attitude of the source and the attitude of the participants. The level of ego-involvement defined the inflexion point of the influence: the more ego-involved, the thicker the discrepancy before the inflexion point and the less sensitive to opinion change is the participant. Typically, the simulation starts with a population including two types of agents: extremists who have extreme and very certain attitudes (they are not easily influenced by others) and moderates whose attitudes are uniformly distributed and who can easily be influenced. Depending on the initial number of extremists and the initial uncertainty of the moderates, three convergence types appear: central clusters, double extreme clusters in which almost everyone have adopted one or the other extremist attitude, single extreme cluster implying everyone has the same extremist attitude [START_REF] Deffuant | Comparing Extremism Propagation in Continuous Opinion Models[END_REF][START_REF] Deffuant | How can extremism prevail ? A study based on the relative agreement interaction model[END_REF][START_REF] Deffuant | Probability distribution dynamics explaining agent model convergence to extremism[END_REF]. Recently [START_REF] Mathias | Bounded Confidence Model with Fixed Uncertainties and Extremists: The Opinions Can Keep Fluctuating Indefinitely[END_REF] show that a new stationary state appears when the uncertainties do not change over time and for very large uncertainties of the moderates : the attitudes of moderate agents keep fluctuating without clustering but the distribution of the attitudes over the time remains stable. These models provide patterns of attitude evolution that can be related to observations. However, they suppose that extremists are initially present; they do not explain how these initial extremists appear.

Thus, more recently, several researchers investigated if polarisation can take place from a starting population with only moderates by adding a rejection mechanism in some conditions. Some of these models consider binary opinions [START_REF] Galam | Contrarian deterministic effects on opinion dynamics: "the hung elections scenario[END_REF] [25] [START_REF] Mark | Culture and Competition: Homophily and Distancing Explanations for Cultural Niches[END_REF]. In most of the models, the rejection takes place when the attitudes are very far apart ([27, 28]), as suggested by some researches in social psychology [START_REF] Whittaker | Opinion change as a function of communication-attitude discrepancy[END_REF].

Another hypothesis for the condition in which rejection takes place is to consider it comes from a dissonance between someone's values and a minor discussed issue. This hypothesis is grounded on studies and theories suggesting that polarisation is connected with identity issues [START_REF] Brewer | The Social Self: On Being the Same and Different at the Same Time[END_REF][START_REF] Tajfel | An integrative theory of intergroup conflict. The social psychology of intergroup relations[END_REF][START_REF] Turner | Social identification and psychological group formation[END_REF]. In particular, the set of experiments presented in [START_REF] Wood | Self-definition, defensive processing, and influence: the normative impact of majority and minority groups[END_REF] suggests that the level of self-relevance of the group-source for the agent is very important in the rejection mechanism. Indeed, the experiments show that in case of agreement on a minor issue and disagreement on a highly self-relevant issue (i.e. the group membership in the experimentation), a subject tends to shift away from alter's position on the minor issue. Moreover, in case of agreement on a highly self-relevant issue, the subjects tend to be attracted on minor issues whatever the level of preliminary disagreement.

A first investigation by simulation of some identity issues in attitude dynamics has been done by [START_REF] Salzarulo | A continuous Opinion Dynamics Model Based on the Principle of Meta-Contrast[END_REF] which has proposed a modelling of the self-categorization theory [START_REF] Turner | Rediscovering the social groups: A self-categorization theory[END_REF]. However agents have to solve an optimization problem to define their membership. Despite the great interest of this work, this does not seem us sufficiently simple to reflect real common human dynamics. Also [START_REF] Jager | Uniformity, Bipolarization and Pluriformity Captured as Generic Stylized Behavior with an Agent-Based Simulation Model of Attitude Change[END_REF] [START_REF] Jager | Multiple Attitude Dynamics in Large Populations[END_REF] have proposed an implementation of the social judgment theory with a bound for attraction or rejection defined by the level of ego-involvement of the agent. However, their design, in one or two dimensions, does not avoid a possible explosion of opinions.

Another approach has been proposed by [START_REF] Huet | Openness leads to opinion stability and narrowness to volatility[END_REF] inspired by the [START_REF] Wood | Self-definition, defensive processing, and influence: the normative impact of majority and minority groups[END_REF]'s experiments. They consider pair interactions in which two agents who can share or not attitudes on a fundamental issue influence each other on less important (secondary) attitudes and on this fundamental (main) attitude. On each of the two dimensions (i.e. two attitudes), they suppose that the attitudes can take continuous values between -1 and +1. When the agents are close to each other on the main dimension, they tend to attract each other on the secondary dimension, even if their disagreement is strong. When they disagree on the main dimension, and are close on the secondary, then they tend to reject each other's secondary attitudes. Agents have thresholds to decide if the distance between their attitude and someone else's attitude is close. Then, to model a disagreement, they compare the distance between attitudes with a threshold (called attraction threshold u m on the main dimension, and rejection threshold u s on the secondary dimension). They show this dynamics reduce the number of clusters since agents are driven mainly by the main dimension and the number of clusters can be directly determined from the value of u m ; the number of secondary dimensions does not play a role in the definition of the number of clusters. Moreover, they observe polarisations on the secondary dimension due to the rejection. However, the dynamics they have considered is only valuable for agents considering the main dimension as highly self-relevant as outlined by [START_REF] Wood | Self-definition, defensive processing, and influence: the normative impact of majority and minority groups[END_REF].

These authors (pp. 1190, 1191) also indicate that if the participant is not highly negatively self-involved in the group of the source, he does not change opinion when he agrees with the source on secondary issue but not on the fundamental issue. Rather he decreases the self-relevance of the source (i.e. the level of importance given to the source's group) in a way not to differentiate from it in the future. They also precise that "participants relatively indifferent to the group source demonstrated little shift in their attitude judgments" (p. 1186). Then in this paper, we will assume that some agents are indifferent to their group membership and do not change their opinion if they disagree on at least one dimension. This choice is done for simplicity purpose, as well as the one considering a static self-relevance or level of importance given to the main attitude. In the following we consider a mixed population composed of a static part of highly involved agents in one main attitude and the complementary part of nomore-important-attitude agents. The dynamics of the first type of agents is based on [START_REF] Huet | Openness leads to opinion stability and narrowness to volatility[END_REF] while the dynamics of the second type is based onto a classical 2D bounded confidence model [START_REF] Deffuant | Mixing beliefs among interacting agents[END_REF]. They are presented with details in the next Section.

The model and the experimental design

We consider a population of N individuals. A part of them are considered as highly self-involved in the main dimension while the other part is not. The model includes four parameters: phsi, the part of highly self-involved people having a dynamics closed to the people considering the group membership as highly self-relevant in [START_REF] Whittaker | Opinion change as a function of communication-attitude discrepancy[END_REF], u m and u s , respectively thresholds for opinion change on the main and the secondary dimension, and μ ruling the intensity of influence at each meeting (comprised between 0 and 0.5). An individual has two attitudes x m (on the main dimension) and x s (on the secondary dimension) taking real values between -1 and +1. During an iteration, a couple of individuals X and Y is randomly chosen and can influence each other. The algorithm is the following:

 Choose randomly a couple (X,Y) of individuals in the population;  X and Y change their attitudes at the same time, according to the influence function chosen accordingly to their status (i.e. the potentially influenced is a non-highly self-involved agent or a highly self-involved agent).

Influence on a non-highly self-involved agent (non-HSI)

The calculation of the influence of Y on X if X is a non-HSI agent (of course the influence of X on Y if Y is a non-HSI agent is found by inverting X and Y) is the following. Let (x m , x s ) and (y m , y s ) be the attitudes of X and Y respectively. The influence of Y on

X is not null if m m m u y x   and s s s u y x   indicating agent X agrees with Y.
Both attitudes of X are going to get closer to those of Y, proportionally to the attitudinal distance on each dimension:
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For every other cases of partial agreement (only close on one dimension) or total disagreement (far on two dimensions), X remains indifferent to Y and does not change their opinions.

2.2

Influence on a highly self-involved agent (HSI)

The calculation of the influence of Y on X if X is a HSI agent (of course the influence of X on Y if Y is a HSI is found by inverting X and Y) is based on [START_REF] Huet | Openness leads to opinion stability and narrowness to volatility[END_REF] and can be described as follows. Let (x m , x s ) and (y m , y s ) be the attitudes of X and Y respectively. We first consider the main attitude dimension. If

m m m u y x  
, individual X agrees with Y on the main dimension. Both attitudes of X are going to get closer to those of Y, proportionally to the attitudinal distance on each dimension: : Agent X feels it is too close to Y on the secondary dimension, because of their disagreement on the main dimension. To solve the conflicting situation, X moves away from Y on this dimension. The attitude change is proportional to the distance to reach the rejection threshold:
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In the other cases X is not modified by Y. Moreover, we confine the attitude in the interval [-1, +1]: if then where sign() is a function which returns -1 if its argument is strictly negative, +1 otherwise.

The attitude of Y is calculated is the same way considering the situation of the meeting with X and if Y is HSI.

2.3

The experimental design and the measured indicator

Our populations of agents have attitudes initially drawn at random. We simulate their evolutions, for different values of the parameters in order to compare the behaviour of a mixed population to the known behaviours of "pure" population of highly involved agents or not involved agents. We vary the following parameters considering 10 replicates for each set of values:

• N and phsi: 5000 (known as sufficient to observe stable states of the already known models of "pure" populations, ie phsi equal 0 or 1 (corresponding to [START_REF] Huet | Openness leads to opinion stability and narrowness to volatility[END_REF]), 10000 agents for phsi equal to 0.1, (and 25000 agents to have more visible graphs);

• u m and u s : from 0.05 to 1 by step of 0.05. We stop the exploration of u m and u s at 1 arbitrarily for this first study. For a same set of parameters value, we consider two cases for comparison purpose: on the sec-ondary dimension, the opinion is bounded between [-1;+1]; it is not bounded. The second case has been studied to prove the bounds are not responsible for the polarisation. μ remains constant on the two dimensions for every experimental conditions. It is valued 0.5.

Two indicators are measured during the simulation and then averaged over the replicates: (1) the number of clusters (which is classically counted considering one agent is member of a cluster if it is located at a distance smaller than a threshold from at least one member of the considered group); (2) the average absolute opinion on each dimension (it is valued 0.5 at the beginning for a uniform random initialisation of opinions).

In this conference paper, since the most unexpected type of polarisation is a polarisation of the whole population (or almost), we focus on the parameter subspace where agents are majorly gathered into one cluster to study if it polarises. Practically, it means our number of large clusters is one and the average absolute opinion on each dimension is close to 0 (since everyone goes to the centered position in "pure" population cases. Thus a value sufficiently higher than 0 indicates a polarisation while a value close to 0 indicates a centralisation of the opinions.

3

The clustering process

This section is interesting in the number of clusters generated by the dynamics and remind what we already know from the behaviour of "pure" populations.

For a pure population of non-HSI, the number of sufficiently large clusters can be approximated by 1/u m *1/u s . If the population is only composed from HSI agents, we know the number of clusters is approximated by 1/u m since the main dimension drives the clustering [START_REF] Huet | Openness leads to opinion stability and narrowness to volatility[END_REF]. This makes the number of clusters independent from the number of discussed secondary dimensions and simplify the social space as it can be seen by an agent (i.e. because of the smaller number of clusters).

Fig. 1 on the right shows what occur for a mixed population of non-HSI and HIS agents (phsi=0.1): a behaviour quite similar to the one observed for phsi =1 making the number of clusters equal to 1/u m . A few part of highly self-involved people is enough to minimise the number of clusters and to make the problem of the number of clusters always equivalent to a one-dimension problem (as for a pure population of HSI agents).

Fig. 1 on the left remind about the existence of minor clusters containing a very small minority of agents when μ is sufficienly large (as it is the case in our current experimental design). They have been clearly identified in the BC model and are located between the various clusters and onto the extrema of the opinion space, especially for large values of u normally leading to one major cluster containing at least 95% of the population [START_REF] Laguna | Minorities in a Model for Opinion Formation[END_REF] [START_REF] Lorenz | Continuous Opinion Dynamics Under Bounded Confidence: A Survey[END_REF]. We will see these minor clusters become important when the population contains HIS agents.

The two following next Section presents the results regarding polarisation. [START_REF] Laguna | Minorities in a Model for Opinion Formation[END_REF] (see also [START_REF] Lorenz | Continuous Opinion Dynamics Under Bounded Confidence: A Survey[END_REF] who shows size of minor clusters varies with um [for a density model])

The polarisation trajectories

In the one-cluster parameter subspace, we discovered emerging "extreme minor clusters" leading to a polarisation on minor issues, but also on fundamental ones. A very long transitory state of ingroup polarisation on secondary issues has been exhibited also. The following presents the respective trajectories after a first subsection explaining how they are represented.

4.1

How to read the trajectories.

The following figure presents the initial state as well as the type of graph used to show the trajectories of the model (on the left). All along the simulation, dots on graphs represent an agent's opinions: brown dots represent the non-HIS agents, and green dots represent the HSI agents. Since the clusters are sufficiently formed, they are also represented in density over the parameter space (on the right). The scale for the density is on the right of the figure. 

Polarisation on the main dimension: a major single extreme due to extreme minorities

A first type of polarisation we observed occurs on the main dimension for various couples of values (u m , u s ) with u s < u m . Fig. 3 shows an example of trajectory leading to such a "single extreme" cluster on the main dimension since some very extreme minor clusters have emerged. It is mainly ruled by attraction between agents. Due to the high value of u m , agents go quickly to the center and some agents are forgotten on the extreme values of the main dimension by the dynamics (previously shown by [START_REF] Michinov | Attraction personnelle et attraction sociale: Lorsque la saillance catégorielle annule la relation similitude-attraction[END_REF] and [START_REF] Michinov | Social comparison orientation moderates the effects of group membership on the similarity-attraction relationship[END_REF], see also Section 3, fig. 1 on the right). For u s < u m the initial depolarisation onto the secondary dimension is slower than the depolarisation on the main dimension. Then, there are less forgotten agents on the extreme of the secondary dimension. Moreover, HSI agents go quicker to the center compared to non-HSI. Since everyone is gathered into a centered unique large cluster, this cluster slowly oscillates in the opinion space due to HIS agents which want to be closer to "forgotten" agents on the borders. This move leads the larger cluster to an extremisation, only stopped when all "forgotten" people close on the main dimension are gathered into it. This is obvious HSI agents in green are attracted on both dimension by the extreme corners of non-HSI agents. To sum-up, this is the stability of the emerging "corner" small clusters which is responsible for the polarisation of the larger cluster. This stability comes from non-HSI agents which require closeness onto the two dimensions to be influenced. Then, considering the relation between the non-HIS of the larger and the corner small clusters, they ignore each other because they are different onto the secondary dimension. This type of polarisation does not depend on rejection (it appears also for a similar model with no rejection). 

Polarisation on the secondary dimension: another extreme minorities effect

From the study of a "pure" population of highly self-involved agents in [START_REF] Huet | Openness leads to opinion stability and narrowness to volatility[END_REF], we know the unique large cluster can polarise for very large values of u s due to the presence of minor clusters in the opinion space. For large u m , agents attract each other very fast to the center of the opinion space on the main dimension. Then some agents are forgotten onto the extrema of the main dimension. Since almost everyone has gathered into a large central cluster, these remaining minor clusters, far on the main dimension, push agents from the central cluster to polarise onto the secondary dimension. Fig. 4 shows this also occurs in mixed population. For our particular case, comparing to minor effect leading to polarization on main dimension, agents gather into the central cluster very fast on the secondary dimension. Since u s is very large, there is no forgotten (or very few) agents on the secondary dimension. Most of the forgotten agents on the main dimension gather altogether on quite central secondary dimension positions on the main extrema. Only when there are forgotten people onto the two dimensions, minor clusters can emerge in the corners. These minor clusters are mostly composed from non-HSI agents. However, from the point of view of the HSI agents, members of the largest initially central cluster, they are considered as close onto the secondary dimension while far on the main dimension. Then HSI agents of the largest cluster reject them while simultaneously attract the non-HSI agents of the largest cluster. On the other hand extreme HSI agents on main dimension make the same (see green circles on Fig. 4). This makes the large cluster polarized onto the secondary dimension until the minor clusters are not anymore considered as close. Then, they remain at the end, on the other extreme than the one occupied by the minor clusters on the main dimension. This latter indeed, are absorbed by the larger cluster because of the HSI-agents considering them as attractive due to the proximity onto the main dimension. This type of polarisation depends on rejection (it does not appear for a similar model with no rejection).

Polarisation on the secondary dimension: a long transitory in-group polarisation

We have also noticed a transitory in-group polarisation occurring when u s is small (and u m >0.5). It is due to the time required to reach the convergence which increases when u s decreases. For smaller values of u s , the unique central cluster covers almost all the secondary dimension for a long time, composed from various subclusters of non-HSI agents which are joined altogether by moving HSI agents (see Fig. 5). At the end, everyone is gathered in the center due to their impact of the HSI agents. This perfectly describes how HSI increases the level of cohesion of the population compared to a population of non-HSI.

Fig. 5. Polarisation on the secondary dimension u m = 0.7, u s = 0.1, phsi = 0.1, 5000 agents: the clustering process in the depolarisation area onto the secondary dimension is very long when u s is small. Then, the agents remain polarised for long inside a unique cluster but really clustering onto the two dimensions.

The polarisation maps for large u m

As already said, we focus on polarisation on the most expected depolarisation area: the area leading to one cluster that we define as u m >0.5 according to Fig. 1 and the literature on the BC model. We draw maps of polarisation for various u m and various u s on the main and on the secondary dimension. The blue color indicates a perfect centralisation of the opinions (no polarisation) while other colors show various levels or polarisation (see 2.3 for explanations). Fig. 6. Average absolute opinion on main dimension for, from the left to the right, phsi equals to 0 (5000 agents), 0.1 (10000 agents) and 1 (5000 agents). Abscissa u m , ordinate: u s .

We see on the fig. 6 the polarisation on the main dimension. This polarisation comes only from the co-presence of highly self-involved people and non-highly self-involved people (in the centered graph) since it does not occur for phsi = 0 (graph on the left) as well as for phsi=1 (graph on the right). For these latter cases, only depolarisation occurs. This polarisation leading to a single extreme cluster occurs only for a particular arrow-shape of couple (u m , u s ) values for phsi=0.1 which remain to explain. We notice especially it does not occur for u s >u m . Fig. 7. Average absolute opinion on secondary dimension for, from the left to the right, phsi equals to 0 (5000 agents), 0.1 (10000 agents) and 1 (5000 agents). Abscissa u m , ordinate: u s .

The polarisation on the secondary dimension does not occur for a "pure" population of non-HSI agents (on the left of the Fig. 7) and HIS agents (on the right of the Fig. 7), at least for u s ≤1. It does for a very small part of HSI agents in the population (Fig. 7 in the central for phsi=0.1). From the centered graph of Fig. 7, we notice two various areas of polarisation for: (a) large values of u s > u m and u s large enough (ie close or higher than 1 not to observe forgotten agents onto the secondary dimension; (b) small values of u s . They correspond to two trajectory types presented in Section 4.

The large values of u s correspond to the single extreme cluster. The small values of u s correspond to the transitory in-group polarisation that, as expected, does not depend on the value of u m since u m is higher than 0.5.

One can think the polarisation can be explained by the fact the opinion space is bounded. But it is not the case as it can be seen in the following Fig. 8 showing results for an unbounded attitude space. We see on both figures the same polarisation areas. 

Conclusion

We study how involvement can explain polarisation in an agent-based model. We consider a population composed of two different types of agents: the highly selfinvolved (HSI) agents having a dynamics based onto [START_REF] Huet | Openness leads to opinion stability and narrowness to volatility[END_REF] inspired from a particular set of experiments [START_REF] Wood | Self-definition, defensive processing, and influence: the normative impact of majority and minority groups[END_REF]; the non-highly self-involved agents (non-HSI) with a dynamics based onto a two-dimensional bounded confidence model ( [START_REF] Deffuant | Mixing beliefs among interacting agents[END_REF]). HIS's dynamics corresponds to the particular behaviour in terms of attitude change of people who are highly self-involved in one dimension and consider it as defining themselves. From the modelling point of view, it assumes that one dimension is more stable and more important than the other. This more stable dimension, called main dimension, represents the highly self-relevant issue for the agents and rules the attitude change on a secondary dimension. If two agents are close on the main dimension (separated by a distance smaller than u m ), then they attract each other on the main and on the secondary dimensions, whatever their disagreement on the secondary dimension. If they are far from each other on the main dimension, then proximity on the secondary dimension (at a distance less than u s ) is uncomfortable, and generates rejection on this dimension. The proximity on a dimension is defined by comparing the attitude distance with the agent's threshold on this dimension. For non-HSI agents, neither the main nor the secondary dimension is more important than other. Then, to be influenced, the non-HIS agent should consider the peer source as close simultaneously onto the two dimensions. One can think this latter condition for influence is very demanding. But [START_REF] Wood | Self-definition, defensive processing, and influence: the normative impact of majority and minority groups[END_REF] precise in their paper that participants who do not consider the source as highly self-relevant do not change their opinions, and [START_REF] Michinov | Attraction personnelle et attraction sociale: Lorsque la saillance catégorielle annule la relation similitude-attraction[END_REF][START_REF] Michinov | Social comparison orientation moderates the effects of group membership on the similarity-attraction relationship[END_REF][START_REF] Montoya | When increased group identification leads to outgroup liking and cooperation: The role of trust[END_REF][START_REF] Reid | The power of change: interpersonal attraction as a function of attitude similarity and attitude alignment[END_REF] show in their experiments the level of attraction for peers depends on the rate of similarity with them.

As expected, simulations show agents gathering into attitudinal groups. The number of groups is defined by how high they feel close onto the main dimension of the rest of the population. Even few highly self-involved people are enough to minimise the number of clusters.

In this paper, for the study of polarisation, we focus on u m >0.5 meaning the stable state is only one major cluster (containing most of the population).

Polarisation on main issues appear for some particular couples of values (u m ,u s ) and u s ≤u m . They lead to polarisation because on the one hand to the rejection process, on the other hand to the asymmetry of influence between highly self-involved and non-highly self-involved agents. In both cases, they allow the emergence of "corner" minor clusters, extreme on the two dimensions and composed of non-highly selfinvolved agents.

Since extreme minor clusters and central major cluster have emerged, the attraction of highly self-involved agents of the central cluster for non-highly involved agents of the minor extreme clusters leads the major cluster to polarise on the main attitude. The polarisation on fundamental issues is a specificity of mixed population. It is associated to the blindness of non-highly self-involved agent which makes the relationship with highly self-involved agent asymmetric and forced them to adopt exactly their position or to reject them. This type of polarisation does not depend on rejection. It occurs at least, but not always, when openness on the main issue is higher or equal than the one on the secondary issue. This is not really intuitive since fundamental issue makes us more stable and less influenced normally. However, this is totally coherent with the idea a high uncertainty is responsible for extremisation of people.

A second type of polarisation of the central cluster is onto the secondary dimension. It occurs when the parameter values do not allow the appearance of "corner" minor clusters but some agents remain forgotten onto the extreme of the main dimension (large values of u s > u m and u s large enough (ie close or higher than 1 not to observe forgotten agents onto the secondary dimension). It is due to a rejection of highly self-involved agents between them simultaneously with an attraction for the agents of their own groups (major on the one hand, extremes on main attitude on the other hand). This sounds in accordance with theories related to groups and identity, especially the self-categorization theory [START_REF] Mark | Culture and Competition: Homophily and Distancing Explanations for Cultural Niches[END_REF][START_REF] Flache | Why do faultlines matter? A computational model of how strong demographic faultlines undermine team cohesion[END_REF][START_REF] Jager | Uniformity, Bipolarization and Pluriformity Captured as Generic Stylized Behavior with an Agent-Based Simulation Model of Attitude Change[END_REF] arguing agents look for a compromise between difference and similarity to others at the group level. This type of polarisation depends on rejection. It is more intuitive since people are more certain about their fundamental issue compared to the secondary.

The appearance of a long transitory in-group polarisation association to a large certainty (ie a small uncertainty) on secondary issues is also of interest. It also perfectly describes how HSI increases the level of cohesion of the population compared to a population of non-HSI.

Overall, these first results seem to reconcile various points of view about the possible source of polarisation: attraction for extreme minority on main issue, or rejection of them on secondary issue. In the two cases, the key of the polarisation lays in the emergence of these extreme minorities which require a too fast convergence of opin-ions (ie a sufficiently high value of µ). Our results also offer some new insights about this emergence complementing the work of [START_REF] Laguna | Minorities in a Model for Opinion Formation[END_REF][START_REF] Lorenz | Continuous Opinion Dynamics Under Bounded Confidence: A Survey[END_REF] who have shown minor clusters appear between the big clusters and on the border of the attitude space in the bounded confidence model. The in-group polarisation, even transitory, exhibited for very small values of u s is also very interesting and new. This is only a first study which deserves more investigations about the formalisation of the behaviour and what occur for smaller values of u m . The explanation of why the polarisation on the main issue occurs only for some particular couples of values (u m ,u s ) and u s ≤u m is also a challenge to deal with in the futre.
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 1 Fig. 1. On the left: Number of clusters containing at least 4% of the population (for a bounded opinion 2D space) and phsi = 0.1 (10000 agents). Abscissa u m , ordinate : u s . While light grey draws the area of total consensus (only one cluster), other colours represents where agents gather into several clusters. On the right: Minor clusters appear for larger values of µ in an opinion space varying from 0 to 1, from Laguna et al[START_REF] Laguna | Minorities in a Model for Opinion Formation[END_REF] (see also[START_REF] Lorenz | Continuous Opinion Dynamics Under Bounded Confidence: A Survey[END_REF] who shows size of minor clusters varies with um [for a density model])

Fig. 2 .

 2 Fig. 2.On the left, initial state of uniform random opinion for 1000 agents, and in the center for 25000 agents (25000 agents have been chosen for illustration because dynamics is more visible onto the graph): each dot represent one couple of opinion (x m ,x s ) of an agent. On Abscissa, opinion 1 is the main opinion. On ordinate, opinion 2 is the secondary dimension. Brown dots are non-HIS agents, and green dots and non-HIS agents. The opinion density distributions of each dimension are visible on the right and the top of the graph.

Fig. 3 .

 3 Fig. 3. Polarisation on the main dimension: Single extreme. Stable state for 25000 agents, u m = 0.8, u s = 0.3, phsi = 0.1 (dots in green are HSI and those in brown are non-HSI agents).

Fig. 4 .

 4 Fig. 4. Polarisation on the secondary dimension. Stable state for 25000 agents, u m = 0.7, u s = 1.0, phsi = 0.11 (dots in green are HSI and those in brown are non-HSI agents). Blue circles indicate extreme cluster of non-HIS agents and green ones indicates HSI agents.

Fig. 8 .

 8 Fig. 8. Average absolute opinion on the main (on the left) and on the secondary (on the right) dimension for 10000 agents evaluating in an unbounded opinion space, phsi =0.1 Abscissa u m , ordinate: u s .

  Indeed, whatever the agreement level on the secondary dimension is, X is going to be globally closer to Y. If it was already close, it gets closer.If

															x	s	t			x	s	t			y	s	t		s
				m x		y	m		u	m	, agent X disagrees with Y on the main dimension and if
	x	s		y	s		u	s