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Inequalities and polarization: vote for Brexit

Data about 382 voting areas:
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Inequalities and polarization: Indicators of populism in USA
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Figure 1: Populism Subscales by Household Income (standardized scores)
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Modelling connection between perceived inequalities at
antagonism in society?

Hypothesis:

I perceived inequalities generates antagonism in society
I 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 e ect of interactions

All agents are initially identical
and fully connected

Only the randomness of the
interactions generates diversity

Objective: better understanding
the e ect of interactions on
perceived inequalities
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Model state

Na agents

Every agentM has an
opinionayy about
agentY (including a
self-opinionayy ).
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Random pair interaction betwedh andY

At each time step, a pairil; Y ) of agents is randomly chosen, then:
I AgentY inuences agentM
F Y expresses her opinion aboldl and Y and possiblyk agentsH
chosen at random (if gossips)
F This modies aum (t), amy (t) and aux (t):
I AgentM in uences agentY
F M expresses her opinion abo¥l and Y and possiblyk agentsH®°
chosen at random (if gossips)
F This modi es aywm (t), ayy (t) and ayno(t):
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Rule for the modi cation of opinions

If Y talks aboutJ to M :
modi cation of ay; (t) given by:

aws (1) = puy (D(aya(t) + (1) ama(t))

with:
I (t) number uniformly drawn between and
I pwmy (t) logistic function:

1
1+exp M

Pmy () =
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Y expressesayy, ayy andayy

M Y H HO
M avm amy avH apH o
+ + +
avmm amy amH
Y aym

ayy ayH ayHo
o = = = D0
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M expresseayy , aum andaypo

M Y H HO
M avm amy amH apH o
+ + +
avm amy amH
Y aym ayy
+

avH ayHo
+ +
avm avy apH 0
o = = = BINE



Parameters of the dynamics

de nes the shape of the propagation functigmyy ;

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 : =0:3and =0:1
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Main patterns of the model

Without gossip
With gossip
When arti cially limiting inequalities
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Typical pattern without gossip (k=0)

State after 1M N, pair
interactions

Reputations and average opinion
(in red) over time.
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Typical pattern with gossip (k=5)

State after 1M N, pair
interactions

Reputations and average opinion
(in red) over time.
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With gossip (k=5), and inequalities of reputations limite
arti cially

State after 1M Nj pair
interactions

Reputations and average opinion
(in red) over time.
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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 abouty are xed: ayy (t) = b, ayy (t)= b
The opinion ofY aboutM is xed ayy (t) = a

Only the self-opinion oM changes because of the noise in message
on the opinion ofY aboutM, with :

I aum (0)= a
om(t) = awm (t) a
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At the rst step, the average oM's self-opinion is zero

Let :
I h= H(a;b) = puy (0) : the starting in uence ofY on M;
I (t) : noise at timet, drawn from the uniform distribution between
and
We have:

m(1) = m(0) + h( (1) m(0))

m(1) = h (1)
Therefore,m(1) the average oim(1), is:
z
1T
m(1) = h2— d
=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)( (2) m(1))
Developing the in uence function at the rst order:
H(a+ m(1);b) h+ h%m(1)
We get, withm(1) = h (1):

m@) h @)+(h+hh @) 2 h (D)
1 hh @+ h @ hh? 210+ hh @) @)

Averaging over all possible values dfl) and (2)

Z hh2 2

1 +
(Y — 2 24 —
m@ = hhe d 5 >0

De uant, Roubin Reducing perceived inequalities April 2021 19/46



Simulation vs Approximation @f(2) for
ayy = awy = b=0

o ) - = DA
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Positive bias: whem(1) is down,m(2) is more easily up

o ) - = DA
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Positive bias: whem(1) is up, m(2) is less easily down

o ) - = DA
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Negative bias on the opinion about others

M keeps the constant self-opiniom(0) = a
the opinions abouty are xed:
layy(t)=Db
I awy (t)=b
The-opinion ofY aboutM changes only because of the noise Mrs
messages about its self opinion. We sef, (0) = y(0) = a

We can calculatey(2) the same way, we repladeby 1 h andh®by hC
We obtain :

2 2
L h22_

@)=

0 1)
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Simulation vs Approximation §f(2) for ayy = ayy =0

o ) - = DA
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Negative bias on the opinion about others: illustration

o ) - = DA
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Approximation of the evolution of average opinions abo
an agentM

one agentM and N, 1 agentsY; with i 2 f 2;::; Nag,
only the opinions abouM (avw (t) and ay,m (t)) change
the other opinions are assumed xedyy,(t) = bi anday,y,(t) = bi)

we developed a model approximating:
I m(t) the average ofaym (t) awwm (0) over noise and interactions.
I Vi(t) the average ofay,m (t) av,m(0) over noise and interactions.
we de ne the reputation of agenM is:
!
_ 1 X
W)= oo MO+ yi()

a i=2
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Approximation of the evolution of average reputation of
agent without gossip

From the evolution ofm(t) and y;(t), we get the evolution of the
average reputation:

mt+1) mt)= m®)= arm()+  2rm(t)

with (h(l,l) = H(a, b|))

Xa (1 2hg) (ML) Vi(t))

fm (t) =

MR Na(Na 1)
Xa h. m2(t)  y2(t)

2w (t) = NaNa 1)
i=2 alra
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Evolution of average reputation without gossip at 2

At t = 2, we have:

Xa h0 m2(1)  yA(1)
. Na(Na 1)
=$ 0 1 1

1 )bla 1 %a 2 2 0 2 2
hh? —A + hq1  hy) ?A

“Na(Na 1),  Na 1,773

@)= 2rm(2)=

We recognise the negative biases and an average of positive biase
two agents att =2 .
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rv (t) rapidly stabilises

Lines: analytical approximation, dots: average over 100 million simulatic
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Approximation of the evolution of average reputation of
agent with gossip

From the evolution ofm(t) and y;(t), we get the evolution of the
average reputation:

mt+1) ™m)= )= wm®+ arm(t)+  agrm(t)

WL X 1 2hiyy) VI V(D)
Na(Na 1)(Na 2)

ghm(t) =
i=2 j=i+l
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rv (t) rapidly stabilises (like previously without gossip)

Lines: analytical approximation, dots: average over 100 million simulatic
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Studying the e ect of inequalities on reputations with th
average model

rv (t), and the e ect of its components for di erent levels of
reputation inequalities for:

I 20 agents without gossip

I 20 agents with gossip

I 40 agents without gossip

I 40 agents with gossip
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rv (t) for di erent reputation inequalitiesN, = 20)

o ) - = DA
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1rm (t) tends to increase inequalitiell{= 20)

o ) - = DA
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ofm (1) tends to decrease inequalitidd,(= 20)

o ) - = DA
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rv (t) with gossip Na = 20)

o =) = = £ DA
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rv (t) with and without (dotted) gossipNa, = 20)

o =) = = £ DA
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1rm (t) tends to increase inequalitiell{= 20)

o ) - = DA
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