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Abstract

:

This study belongs to an emerging area of research seeking ways to depolarize societies in the short run (around events such as elections) as well as in a sustainable fashion. We approach the depolarization process with a model of three homophilic groups (US Democrats, Republicans, and Independents interacting in the context of upcoming federal elections). We expand a previous polarization model, which assumed that each individual interacts with all other individuals in its group with mean-field interactions. We add a depolarization field, which is analogous to the Blume–Capel model’s crystal field. There are currently numerous depolarization efforts around the world, some of which act in ways similar to this depolarization field. We find that for low values of the depolarization field, the system continues to be polarized. When the depolarization field is increased, the polarization decreases.
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1. Introduction


For at least the past three decades, scholars have observed, defined [1], measured [2], and modeled social polarization, its drivers, its effects [3,4], and its trends around the world [5,6,7,8] (The references included here are illustrative of the numerous articles addressing the increasing polarization around the world.) Increasing polarization tendencies have been documented for the short run [9,10] and predicted in the long run [11] unless some event or intervention changes its course (for example, after long months of a deep split in the Israeli polity, accompanied by numerous weekly demonstrations, the sudden violent events of October 2023 played the role of a focusing event: differences were mostly set aside, and the entire society concentrated on mutual help and a unified response).



The problems generated by severe societal polarization are felt in many places and in many ways—and in particular, in a diminished ability to solve serious societal problems demanding consensus. Besides the numerous real consequences to which they can lead, decisions resulting from such fraught processes tend to be non-robust, further accentuating political divisions and acrimony, and causing the public to lose trust in the democratic process and possibly disengage.



For example, the two political parties in the US Congress—Democrats and Republicans—are deeply polarized. As a direct result, both the Senate and the House of Representatives have great difficulties in making necessary joint decisions about important policies, such as budget allocations. Each has extremely slim majorities: in the Senate, there are forty nine Republicans to forty eight Democrats and three Independents (caucusing with Democrats who in effect hold the majority); and in the House, there are 221 Republicans to 212 Democrats [12]. The resulting decision dynamics mostly lead to impasse. Many issues up for vote are very contentious, including, for example, nominations for necessary government positions, which remain unoccupied for extended time periods [13]. Most proposals are decided on party line, meaning that they pass by the slimmest of majorities, at one or two vote differences. As a result, some senators and representatives acquire more power than warranted by their constituencies or seniority, because their votes are commodities sought by both parties. They can exact favors for their states or districts, angering the public [14]. Yearly budget decisions are delayed to the last legal minute under threat of government closure [14]. The consequences of failure to vote for the budget can be far-ranging, extending beyond the US border. For example, in Fall 2023, the House of Representatives approved a bi-partisan 45-day stopgap spending bill to prevent government closure, which did not contain continued financial support for Ukraine. Moreover, despite relatively broad consensus on financially assisting Israel in its war which broke out on 7 October 2023, this aid could not be extended because the House of Representatives had first to vote for a Speaker—a party-line decision.



Polarization is especially notable and acute preceding elections in democratic countries, such as the United States [11,15]. For example, the latest yearly Gallup polls conducted over the past 20 years regarding 24 issues central to past and current debates found increasing gaps between Democrat and Republican views (some deeper than others) for all issues, amounting to severe political polarization [15]. These findings are consistent and buttressed by those of Refs. [10,16].



Several factors have been viewed as causes, symptoms, and/or drivers for the observed increasing polarization among Americans. They include the widespread loss of mutual trust [17] and loss of trust in government, media, and science [18,19]. Media and science have aligned themselves with politics [20], further diminishing public trust. Lack of trust may be behind the seemingly distinct, nonoverlapping, and contradictory sets of data, facts, news, and opinions held by members of the two groups. Using an agent-based model (quite different than the model we propose), in Ref. [21], the authors have studied the role of communication in polarization.



Acute homophily [22] also contributes to polarization. It impels individuals to communicate almost exclusively with members of their own group who share their point of view, reinforcing the information disjunction. For example, people tend to evaluate information by the party affiliation of the source, more or rather than by its content, arguments, and evidence [23,24]. This way of evaluating information quality leads to the wholesale rejection of any statements coming from the opposing group. It also leads to the partition of society into groups whose members have non-intersecting perceptions of reality. In turn, this prevents the groups from solving problems, which necessitates finding agreement regarding specific policies and laws even while continuing to disagree on values. In Ref. [3], the authors examined several causes of polarization and proposed an additional category: bad-faith actors [4] fueling and reinforcing differences for their own purposes.



At times, such as currently in the US, a perfect storm is generated by deep value differences among opposing groups, combined with homophily (little or no direct inter-group communication) in the context of short political cycles which exacerbate both the differences and the homophily. In the face of the societal damage driven by polarization, scholars have been turning their attention to various theoretical and practical depolarization approaches, exploring tools at various scales, from local to country-wide [25,26,27,28,29]. Although research on depolarization is not recent (e.g., [30,31]), in Ref. [5], it is observed that, with a few exceptions [32,33,34], there are no corresponding definitions, measures, and models for depolarization.



As polarization reaches pernicious levels in some places including the US [24], efforts to counter it are emerging in research [3,5,35,36], media [17], and communities (see [35] for several examples of depolarizing initiatives at the community and organization levels). In the latter, one depolarizing strategy entails actively breaking homophily [37,38] to help individuals realize that even when they have very different values, they may share some interests that can be satisfied through joint decisions. In this paper, we contribute to these efforts by using sociophysics modeling to explore depolarization possibilities in the case of the US ahead of the 2024 elections. We ask what, if any, types of events or actions might work to counter the observed acute polarization trend, and how durable their effects can be.



Sociophysics methods [39] including statistical mechanics are particularly suitable to the study of polarization and depolarization because they are parsimonious ways to handle the complexity of social systems phenomena without requiring the use of extensive databases. For several examples of this approach, and how sociophysics can be applied specifically to the study of polarization, e.g., [11,40,41,42]. Together with agent-based models [43,44], sociophysics tools help construct anticipatory scenarios of polarization under different assumptions [45], circumventing some of the serious challenges to prediction posed by complexity [46].



Recently, we have proposed [11,42] a statistical mechanics model for exploring the dynamics of polarization in the US political system, between Democrat- and Republican-affiliated groups in the population, with consideration of a third group, Independents. The latter is now relatively large (representing a historic highest percent at about 41% of the American voter population [47] and therefore critical in determining election outcomes: neither of the two formal parties can win without attracting a considerable number of Independent voters. The model’s results are qualitatively similar to poll outcomes in time, e.g., [16]. Using this model, we generated and explored [11,42] scenarios of whether leadership, also discussed by Ref. [35], and/or external events—for example, a massive natural disaster or a serious external threat, labeled a “focusing event”—might bring the groups closer to each other at least for some time. It was found [11,42] that although leadership and focusing events can help reduce polarization, their impact is rather temporary, consistent with conclusions in Ref. [5], who found in numerous case studies around the world that polarization reductions rarely last beyond about 10 years.



The voting public in the US is currently split down the middle between the two major parties and has been for at least the last 8 years [48], impairing the ability of governments at all levels to make necessary decisions on key topics such as the economy, the environment, energy, health care, immigration, and foreign relations, including financial assistance to other countries and global organizations. We ask here how we can overcome the current impasse resulting from the confluence of deep value differences, short political cycles that exacerbate them, novel technology effects, and homophily, which impedes direct communication across party lines. Perhaps the answers lie in the confluence of a multiplicity of conditions, which together push extremes toward each other (not necessarily to the middle).



We propose to use sociophysics modeling again to examine several conditions that together might depolarize the public effectively (especially important ahead of the 2024 national elections) by nudging opinion extremes toward each other to overcome homophily and enable idea exchanges in the short run, and even for longer durations. To this end, we expand the three-group polarization model of Refs. [11,42] by adding to it a depolarization field D similar to the Blume–Capel [49,50,51] crystal field. By design, increasing the value of D reduces the polarization of the system, as assessed by a measure proposed in Ref. [11]. We find that the depolarization field D has an additional, desirable effect: for each group, the distribution of individuals’ stances, ranging from extreme left/liberal to extreme right/conservative, is a Gaussian normal distribution. This is consistent with empirical distributions captured through polling, such as by the Pew Research Center [16] for example. The challenge remains to identify actions that together have an effect similar to the D field. A three-state model with agents belonging to a single group was considered in Ref. [52]. By contrast, our model considers three groups (two homophilic) and the stance of each individual is a continuous variable.



The balance of this article begins with the description of our model in Section 2, followed by numerical results in Section 3. We offer our final remarks and plans for future work in Section 4.




2. Method: A Dynamic Mean-Field Model


We approach the study of depolarization in the context of US political contests. They are waged among three major US political groups historically providing candidates for president, congress, as well as state and local positions: Democrats and Republicans (which are currently highly polarized [48]), and Independents. The latter tend to lean toward, and reinforce, the number of Democrat or Republican voters in specific elections. Especially now, when they constitute a relatively large group of voters compared to the other two [47], Independents are viewed as a deciding factor in elections. For this reason, both Democrats and Republicans attempt to attract them to their respective positions.



Our three-group model represents the interactions in time of voters affiliated with the two parties—Democrats and Republicans—and with the nonaffiliated Independents. The model allows the testing of various interventions, which might contribute to depolarization by bringing extreme positions closer to the center.



We assume that in each of the three political groups, each individual has preferences with respect to several key political issues [11,34]. These individual preferences range between extremely left-leaning and extremely right-leaning, but more or less aligned with the positions taken by their respective parties. Democratic party- and Republican party-affiliated individuals actively interact with each other mostly within their own group, enhancing internal cohesion. Nevertheless, they also keep an eye on the stances of the members of the other groups.



Within any of the Democrat and Republican groups, everyone interacts with everyone, on a complete Erdös–Renyi network. The Independents, not being formally organized into a bloc or identifiable, interact with other Independents in a much weaker fashion or not at all. In what follows, we label Democrats as group 1, Republicans as group 2, and Independents as group 3.



In each group, each individual has a stance s that reflects their preferences regarding single issues under current political debate—economics, health care, defense, immigration, climate change—or a package of such issues. The stance s varies between −1 and +1, where −1 corresponds to the Democrats’ extreme progressive/left position, +1 corresponds to the republicans’ extreme conservative/right position, and 0 corresponds to the middle-of-the-road position.



The Democrats and the Republicans are homophilic, meaning that individuals in a given group prefer to communicate with other individuals from the same group through intra-group couplings J, and little or not at all with anyone from the other group. Thus, the magnitude of the couplings J quantifies the cohesiveness of each group. The other groups’ mean stances influence the stances of individuals in the group under consideration through inter-group couplings K. The groups’ leaderships act on individuals’ stances through the fields H and D. The temperature T represents the effects of the context on the individual stances. For example, at the moment, different states of the economy or politics might impinge on the degree of polarization and on the extent to which leaders or other factors can reduce it.



We use the Boltzmann probability weight to compute the probability distributions for individual stances in each group. The underlying assumption in this study is that statistical physics models describe social systems at a scale that includes a large number of individuals. The Boltzmann distribution function maximizes entropy (disorder) for a given energy function. Quantitative properties of large-scale phenomena exhibit regularities that are not sensitive to short-scale details.



We compute the average stance of each group using this Boltzmann probability distribution exp(−E/T), where E is the energy. The negative energy associated with an individual in group 1 is:


  −   E   1   =     J   1     s   1   +   K   12     s   2   +   K   13     s   3   +   H   1     s −   D   1     s   2     ,  








where s denotes the stance of that individual and s1, s2, and s3 denote the mean stances of groups 1, 2, and 3, respectively. The fields H1 and D1 represent the action of the leaders on individuals of group 1. For H1 > 0, the mean stance is pushed towards positive values, while for H1 < 0, the mean stance is pushed to negative values.



When positive, the field D1 favors depolarization through D1s2, whose effect is to push stances s toward the center: s ~ 0; while when D1 is negative, it favors polarization: |s| ~ 1. The crystal field D1, which in our context controls depolarization, was used in Refs. [49,50,51] to study the thermodynamics of UO2 and He3–He4 mixtures. In our implementation, the stance s is a continuous variable, whereas in the original model [49,50,51], the spin s = −1, 0, 1. For D >> 0, the mean stance approaches zero after a few time iterations, while for D << 0, the mean stance |s| approaches unity after a few time iterations.



To write the mean-field theory for our model, we introduce the Langevin–Blume–Capel function:


  L B C   h , d   =       ∫  − 1   1    s   e   h s − d   s   2     d s         ∫  − 1   1      e   h s − d   s   2     d s     ,  



(1)




where h and d stand for H/T and D/T, respectively.



We employ a numerical adaptative integration with a tolerance of 0.001 to evaluate this function. The average stance s at time t + 1 is assumed to be determined by preferences of the group at an earlier time t. This lag represents the time it takes to change individuals’ stances. The time t is expressed in units of the lag time. Thus, for each of the three groups, respectively:


     s   1 , t + 1   = L B C (   h   1   +   j   1     s   1 , t   +   k   12     s   2 , t   +   k   13     s   3 , t   ,   d   1   ) ,      s   2 , t + 1   = L B C (   h   2   +   j   2     s   2 , t   +   k   21     s   1 , t   +   k   23     s   3 , t   ,   d   2   )  ,     s   3 , t + 1   = L B C (   h   3   +   j   3     s   3 , t   +   k   31     s   1 , t   +   k   32     s   3 , t   ,   d   3   )  ,  



(2)




where h1 stands for H1/T, k12 stands for K12/T, d1 stands for D1/T, etc. The inter-group interaction parameters K12 and K21 are not necessarily equal, as members of one group may feel cooperative toward another group, who might not reciprocate. The model includes fifteen parameters: three js, six ks, three hs, and three ds.



We use here the polarization measure defined in Ref. [11] as the distance at any point in time between the mean stances of groups 1 and 2:


  P = (   s   2   −   s   1   ) / 2 ,  



(3)




This definition is consistent with Pew polls, e.g., [10,16] reporting distributions of stances among Republicans and Democrats.



It is defined so that −1 ≤ P ≤ 1. The unpolarized case P = 0 corresponds to equal stances s1 = s2. Polarization is extreme when P = 1, corresponding to the Republicans’ stance s2 = 1 (most conservative/right) and the Democrats’ stance s1 = −1 (most progressive/left) or when P = −1, corresponding to the Republicans’ stance s2 = −1 and the Democrats’ stance s1 = 1.



The distribution of individuals of group 1 among the stances s at time t is:


     ρ   1     s , t   =     e       j   1       s   1     t   +     k   12     s   2     t   +     k   13     s   3     t   +   h   1     s −   d   1     s   2         ∫  − 1   1      e       j   1       s   1     t   +     k   12     s   2     t   +     k   13     s   3     t   +   h   1     s −   d   1     s   2       d s   ,      ρ   2     s , t   =     e       j   2       s   2     t   +     k   21     s   1     t   +     k   23     s   3     t   +   h   2     s −   d   2     s   2         ∫  − 1   1      e       j   2       s   2     t   +     k   21     s   1     t   +     k   23     s   3     t   +   h   2     s −   d   2     s   2       d s   ,      ρ   3     s , t   =     e       j   3       s   3     t   +     k   32     s   2     t   +     k   31     s   1     t   +   h   3     s −   d   3     s   2         ∫  − 1   1      e       j   3       s   3     t   +     k   32     s   2     t   +     k   31     s   1     t   +   h   3     s −   d   3     s   2       d s   .   



(4)







    ρ   1     s , t   d s   gives the fraction of all individuals in group 1 who have a stance in the interval (s, s + ds) at time t. Similarly, ρ2 and ρ3 are the distribution functions for groups 2 and 3, respectively.




3. Numerical Results and Discussion


To assess the influence of the depolarization field D on the three groups’ stances, we generate four scenarios for which we use the same J and K values (these values were selected based on a qualitative analysis to replicate 2017 poll results [10,16] on Democrats’ and Republicans’ increasingly polarized stances) as in our previous article [11]. The field values are consistent with following assumptions. Individuals in group 1 are more cohesive than individuals in group 2: j1 > j2. Individuals in group 3 have no cohesion j3 = 0. They exert no influence on the other two groups: k13 = k23 = 0. Individuals in group 3 are contrarian to group 1, which is in power: k31 < 0. They are not influenced by group 2 individuals: k32 = 0. Thus, all results that follow are obtained: j1 = 5, j2 = 3, j3 = 0, k12 = −4, k21 =−5, k31 = −3, k13 = 0, k23 = 0, k32 = 0, h1 = 0, h2 = 0, and h3 = 0. We also fix d3 = 5 for all cases discussed below.



In the scenario shown in Figure 1a, we set d1 = d2 = 0, meaning no depolarization action (this was the case for all scenarios we studied in Ref. [11], where d3 was also 0). As a result, the system polarizes over time. Starting at t = 0 with s1 and s2 quite close to 0, in time the distance between the Democrats’ and Republicans’ mean stances increases. This can also be seen in Figure 1b, where the polarization measure increases from 0 to about 0.8. In Figure 1c (where t = 5), we show the stance distributions for the three groups. Since the value of d3 is positive, the distribution of stances for group 3 (Independents) is Gaussian. In contrast, the Democrats’ and the Republicans’ distributions   ρ   s , t     depend monotonically on the stance since d2 = d2 = 0.



In the scenario of Figure 2a, we set the intervention d1 = d2 = 3. Consequently, the system polarization diminishes over time. Starting at t = 0 with s1 = −1 and s2 = 1, over time the distance between the mean stances diminishes. Figure 2b also reflects this effect: polarization P decreases from 1 to about 0.6. In Figure 2c, for t = 5, we show that since the d values are all positive, the distributions for the three groups are all Gaussian.



In the scenario of Figure 3a, we further increase the depolarization fields d1 = d2 = 5. The system depolarizes over time. Starting at t = 0 with s1 = −1 and s2 = 1, over time the distance between the mean stances diminishes. This is also shown in Figure 3b, where the polarization decreases from 1 at t = 0 to about 0 at t = 20. In Figure 3c, we show the stance distributions for the three groups. Since the ds are positive, the distributions are all Gaussian.



Finally, we consider a fourth scenario, which in Ref. [11] exhibited time oscillations of the three stances: j1 = 5, j2 = 3, j3 = 0, k12 = 4, k21 = −5, k31 = −3, k13 = 0, k23 = 0, k32 = 0, h1 = 0, h2 = 0, and h3 = 0. Again, we add depolarization fields: d1 = d2 = 3 and d3 = 5. Now in Figure 4a, the three groups’ stances exhibit damped oscillations over time. The system depolarizes in time and the polarization P also exhibits damped oscillations (Figure 4b). The distributions of stances for the three groups, shown in Figure 4c (t = 5), are Gaussian because the depolarization field values are positive for each group.



The increase in value of the depolarization fields of groups 1 and 2 reduces polarization over time. In the oscillatory case, which occurs when k12 and k21 have different signs, the depolarization field dampens those oscillations.



We have shown through these scenarios that when a positive depolarization field is added to the three-group system, the distribution of stances becomes Gaussian. It means that it is maximized at a stance within the interval (−1, 1), signifying a non-extreme stance. When the groups’ stances are non-extreme, there exists the possibility of breaking out of the extreme polarization.




4. Concluding Remarks


Using the case of the US political system where three polarized groups—Democrats, Republicans, and Independents—interact, we explored scenarios of depolarization under the effect of intervention. We found that when a depolarization field D is added, the polarization decreases over time. If the D field is sufficiently strong, the polarization decreases to zero.



In practice, the field D can result from the actions of the groups’ leaderships and/or from events that can refocus all groups on concerted actions in the face of some external threats. Examples of both have occurred in the past in the United States, such as during World War II, the Vietnam War, after the 9/11 attack on the World Trade Center in New York City, and elsewhere. The field D can also be the result of numerous local grassroots initiatives (also proposed in Ref. [17] as an antidote to polarization) currently occurring in the United States. They may add up to country-wide depolarization. Several examples can be found in Ref. [36]. These initiatives are akin to massively parallel intervention—a multiplicity of independent, locally driven actions—proposed in Refs. [3,53]—which together, when reaching a critical mass, can have a depolarizing effect among the political groups, at least in the short run. Sustaining depolarization in the longer run remains a challenge. As Ref. [5] observed in cases around the world, in general, repolarization tends to resume after about 10 years. Since in our model, the extent of depolarization depended on the strength of the intervention, we plan to explore further what factors might extend the duration of depolarized states.



This model includes, besides the single site field D, a field H. While D promotes compromise stance s ~ 0, the H field fosters extreme positions: |s| ~ 1. This could be the result of social influencers and/or media activities. We plan to further explore the group dynamics in the 15-dimensional parameter space, including the role of the H field. For example, we intend to elucidate the influence of the D field on the chaotic dynamics that we observed in the three-group model with competing K interactions. We also plan to study the model with intra-group short-range interactions by means of Monte-Carlo simulations. We will extend our study to account for different levels of randomness by varying the temperature.
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Figure 1. (a) Mean group stances versus time, (b) polarization time, and (c) stance distributions for groups 1 (blue line), 2 (red), and 3 (green) at t = 5 with the parameters j1 = 5, j2 = 3, j3 = 0, k12 = −4, k21 = −5, k31 = −3, k13 = 0, k23 = 0, k32 = 0, d1 = 0, d2 = 0, d3 = 5, h1 = 0, h2 = 0, and h3 = 0. See text for details. 
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Figure 2. (a) Mean group stances versus time, (b) polarization versus time, and (c) stance distributions for groups 1 (blue line), 2 (red), and 3 (green) at t = 5 with the parameters j1 = 5, j2 = 3, j3 = 0, k12 = −4, k21 = −5, k31 = −3, k13 = 0, k23 = 0, k32 = 0, d1 = 3, d2 = 3, d3 = 5, h1 = 0, h2 = 0, and h3 = 0. See text for details. 






Figure 2. (a) Mean group stances versus time, (b) polarization versus time, and (c) stance distributions for groups 1 (blue line), 2 (red), and 3 (green) at t = 5 with the parameters j1 = 5, j2 = 3, j3 = 0, k12 = −4, k21 = −5, k31 = −3, k13 = 0, k23 = 0, k32 = 0, d1 = 3, d2 = 3, d3 = 5, h1 = 0, h2 = 0, and h3 = 0. See text for details.



[image: Physics 06 00010 g002]







[image: Physics 06 00010 g003] 





Figure 3. (a) Mean group stances versus time, (b) polarization versus time, and (c) stances distributions for groups 1 (blue line), 2 (red), and 3 (green) at t = 5 with the parameters j1 = 5, j2 = 3, j3 = 0, k12 = −4, k21 = −5, k31 = −3, k13 = 0, k23 = 0, k32 = 0, d1 = 5, d2 = 5, d3 = 5, h1 = 0, h2 = 0, and h3 = 0. See text for details. 
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