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Inequalities and polarization: vote for Brexit

o Data about 382 voting areas:

Share of
vote for
Leave

This relationship is weaker,

e but still notable. The
of degree-educated people . |
60 tended to vote Remain P highest Leave votes

tended to come from
low income areas

o 50
40

- 30

20 : 2

1 1
IA 0 IS 0 400 500 600 700 800
« % with a degree — + Median weekly gross earnings (£) —*

»
.,
60'....

*

=] & = E DA
Deffuant, Roubin Reducing perceived inequalities



-0.4

-0.2 -0.1

Inequalities and polarization: Indicators of populism in USA
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o National affiliation, mistrust experts, anti-elitism in 2016
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Figure 1: Populism Subscales by Household Income (standardized scores)
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Modelling connection between perceived inequalities and
antagonism in society?

@ Hypothesis:

» perceived inequalities generates antagonism in society
» Antagonism leads to polarization of opinions on various issues

@ Our approach: designing a theoretical opinion dynamics model
exploring this hypothesis
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Simple model focusing on effect of interactions

o All agents are initially identical

and fully connected / \
L ] L ]

@ Only the randomness of the
interactions generates diversity w w
@ Objective: better understanding \ /
the effect of interactions on B -
perceived inequalities wirn'
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Model state

o N, agents

o Every agent M has an
opinion apy about
agent Y (including a
self-opinion ayu).
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Random pair interaction between M and Y

@ At each time step, a pair (M, Y') of agents is randomly chosen, then:
» Agent Y influences agent M
* Y expresses her opinion about M and Y and possibly k agents H
chosen at random (if gossips)
* This modifies aM/w(t), aMy(t) and aMH(t):
> Agent M influences agent Y
* M expresses her opinion about M and Y and possibly k agents H’
chosen at random (if gossips)
* This modifies aynm(t), ayy(t) and ayys(t):
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Rule for the modification of opinions

If Y talks about J to M :
e modification of ap(t) given by:

AaMJ(t) = pmy(t)(ayj(t) + 0(1’) — aMJ(t))

o with:
» 0(t) number uniformly drawn between —§ and ¢
> puy(t) logistic function:
1
1+ exp (aMM!t!—aMY{f!)

pmy (t) =

o
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Y expresses ayy, ayy and ayy

M Y H H'
M amm | amy amH amH
+ + +
AaMM AaMy AaMH
Y aym ayy ayH ayH
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M expresses apy, amv and ayy

M Y H H'
M apm amy aAMH apmH’
+ + +
Aaymv | Dapy | Daynx
Y aym ayy avH aywH
+ + +
Aaypy | Aayy JAETYIT
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Parameters of the dynamics

@ o defines the shape of the propagation function pyy;

@ 0 represents the amplitude of the uniformly distributed errors that
perturb the evaluation of others’ expressed opinions;

@ k number of agents subject of gossip at each pair interaction.

@ In the following simulations : ¢ = 0.3 and § = 0.1
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Main patterns of the model

o Without gossip
o With gossip

@ When artificially limiting inequalities
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Typical pattern without gossip (k=0)
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Typical pattern with gossip (k=b)
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With gossip (k=5), and inequalities of reputations limited
artificially
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Theoretical approach: average model over noise and
interactions

@ Only two agents: positive bias on self-opinion and negative bias on
the opinion about others

@ Evolution of average reputation without gossip

@ Evolution of average reputation with gossip
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Positive bias on self-opinions

Two agents : M and Y/
The opinions about Y are fixed: ayy(t) = b, ayy(t) = b
The opinion of Y about M is fixed ayy(t) = a
Only the self-opinion of M changes because of the noise in messages
on the opinion of Y about M, with :
> aMM(O) =a
» m(t) = amm(t) — a
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At the first step, the average of M's self-opinion is zero

o Let:
» h= H(a,b) = pmy(0) : the starting influence of Y on M,

» 6(t) : noise at time t, drawn from the uniform distribution between —d
and §

@ We have:
m(1) = m(0) + h(6(1) — m(0))
m(1) = ho(1)

@ Therefore, m(1) the average of m(1), is:

. 1 +46
m(1) = hys [ 0d0

=0
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At the second step, the average self-opinion is slightly
positive (positive bias)
@ Applying the rule of interaction :
m(2) = m(1) + H(a+ m(1), b)(6(2) — m(1))
@ Developing the influence function at the first order:
H(a+ m(1),b) ~ h+ h'm(1)
o We get, with m(1) = h6(1):
m(2) ~ hB(1) + (h+ h'h(1))(6(2) — hO(1))
~ (1 — h)hO(1) + hO(2)—h h*6%(1) + ' hO(1)6(2)
@ Averaging over all possible values of §(1) and 6(2)
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Simulation vs Approximation of m(2) for
ayy =amy =b=0

— approximation
S simulation
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Positive bias: when m(1) is down, m(2) is more easily up

influence of Y on M
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Positive bias: when m(1) is up, m(2) is less easily down
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Negative bias on the opinion about others

@ M keeps the constant self-opinion m(0) = a
@ the opinions about Y are fixed:
> ayy(t) =b
> aMy(l’) =b
@ The-opinion of Y about M changes only because of the noise on M’s
messages about its self opinion. We set ayy(0) = y(0) = a

We can calculate y(2) the same way, we replace h by 1 — h and b’ by —H'.
We obtain :

(1 _ Kh)252
y(2) = "L (1)
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Simulation vs Approximation of y(2) for ayy = ayy =0
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Negative bias on the opinion about others: illustration

influence of M on Y
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Approximation of the evolution of average opinions about
an agent M

one agent M and N, — 1 agents Y; with i € {2,.., N,},

only the opinions about M (apm(t) and ay,m(t)) change

the other opinions are assumed fixed (amy;(t) = b;i and ay,y.(t) = b;)
we assume apmm(0) = a, ay,m(0) = afor i€ {2,...,N,}

we developed a model approximating:

» m(t) the average of apmm(t) — apmm(0) over noise and interactions.
> ¥i(t) the average of ay,m(t) — ay,m(0) over noise and interactions.

o we define the reputation of agent M is:

1 N,
m(t) = N (m(t) + Z%’(ﬂ)
a i=2
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Approximation of the evolution of average reputation of an
agent without gossip

e From the evolution of m(t) and Y;(t), we get the evolution of the
average reputation:

it +1) = a(t) = Arm(t) = Darw(t) + Borwm(t)

o Wlth (h(17,') = H(a, b,))

N, B B
INVOEDYS (1- 2h(ll\}i)()/\$m£ti)_ ¥i(t))
i=2 alVa

N hll,’ ?(t)_?(t)
Doru(t) == (,)I<V(N_1); )
i=2 al Vg
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Evolution of average reputation without gossip at t = 2

o At t = 2, we have:

v, b (m2(1) - y2(1))

m(2) = Dorm(2) = —

—  Ny(N,—1)
N,
1 2 52 52
= —— hih? hi(1 — hy)?
/va(/va—1); 712'13 TR =h) 3

o We recognise the negative biases and an average of positive biases for
two agents at t = 2 .
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Ary(t) rapidly stabilises
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Approximation of the evolution of average reputation of an
agent with gossip

e From the evolution of m(t) and yj(t), we get the evolution of the
average reputation:

vt + 1) —Tm(t) = Arm(t) = Arrm(t) + Dorm(t) + Aigrm(t)

e with (h(,",-) = H(b,‘, b_,))

Nl M (1 -2k ) (7(E) — 74(0)
Agrm(t) = ’Z;JZ;I No(Ns — 1)(N, —2)
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Ary(t) rapidly stabilises (like previously without gossip)
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Studying the effect of inequalities on reputations with the
average model

o Arp(t), and the effect of its components for different levels of
reputation inequalities for:
» 20 agents without gossip
> 20 agents with gossip
> 40 agents without gossip
» 40 agents with gossip
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Arp(t) for different reputation inequalities (N, = 20)
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Aqry(t) tends to increase inequalities (N, = 20)
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Ary(t) with gossip (N, = 20)
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Arpy(t) with and without (dotted) gossip (N, = 20)
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(N, = 20)

inequalities

Aqry(t) tends to increase
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Aqry(t) with and without gossip (dotted) (N, = 20)
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Ayry(t) with and without (dotted) gossip (N,
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Ai1.rm(t) tends to decrease inequalities (N, = 20)
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Arp(t) without gossip (N, = 40)
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Arpy(t) with gossip (N, = 40)
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Summary of results

@ In the mode, beyond a threshold of perceived inequalities, these
inequalities tend to increase: low reputations tend to decrease and
high reputations tend to increase;

@ When there is gossip, the threshold of inequalities is smaller if the
inequalities are even bigger, a majority of reputations tends to
decrease;

@ Reducing perceived inequalities below a threshold increases average
self-opinion and opinions about others.
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Limitations / Perspectives

@ Limitations:

» Model limited to a small group, where everybody discusses with
everybody

» Other dynamics and heterogeneity between agents, not included in the
model, could have much bigger effects

@ Perspectives:

» Extending the model to larger populations and introducing other
processes (vanity, group identity).

> Performing lab experiments checking predictions of the model (positive
bias on self-opinions, negative bias on opinions about others)

» Studying processes of gossip in social networks
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