
The impact of group interactions on opinion formation

Jan Mölter, Technical University of Munich
jointly with Anastasia Golovin & Christian Kuehn
1st August 2024

XLIV Dynamics Days Europe 2024 – Minisymposium: Adaptive dynamical networks

https://jan.moelter.eu/ddays24


GROUP DYNAMICS IN OPINION FORMATION

Opinions are seldomly formed in isolation, but rather through interac-
tions with others in society.

Besides pairwise interactions between individuals, group dynamics
may play an integral part in opinion formation due to each individual’s
striving for conformity (bandwagon effect, peer-pressure ...).
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“The tendency to conformity in our society is so strong that
reasonably intelligent and well-meaning young people are

willing to call white black.” (Solomon Asch, 1955)
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CLASSICAL ADAPTIVE VOTER MODEL
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Adaptivity: rewire-to-same or rewire-to-random.
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CLASSICAL ADAPTIVE VOTER MODEL: MEAN-FIELD DESCRIPTION



˙[A] = 0
˙[B] = 0

˙[AA] = 1−πA→B p
2 [AB] + 1−p

2 (2 [A(B)A] − [A(A)B])

˙[AB] = − 2−(πA→B+πB→A) p
2 [AB] − 1−p

2 (2 [A(B)A] − [A(A)B] − [A(B)B] + 2 [B(A)B])

˙[BB] = 1−πB→A p
2 [AB] + 1−p

2 (2 [B(A)B] − [A(B)B])

with πX→X′ ∝ δX,X′ for rewire-to-same and πX→X′ ∝ [X′] for rewire-to-random adaptivity.
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HYPERGRAPH ADAPTIVE VOTER MODEL

We use a hypergraph to encode polyadic inter-
actions.
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Adaptivity: rewire-to-same or rewire-to-random.
Propagation: proportional voting or majority voting.



HYPERGRAPH ADAPTIVE VOTER MODEL: DYNAMICS

Proportional voting
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Majority voting
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HYPERGRAPH ADAPTIVE VOTER MODEL: MEAN-FIELD DESCRIPTION



˙[A] = (1 − p)

[ ∑
(â,b̂)∈N2

â+b̂≤K

[AâBb̂ ](b̂ ηA(â, b̂) − â ηB(â, b̂))

]

˙[B] = (1 − p)

[ ∑
(â,b̂)∈N2

â+b̂≤K

[AâBb̂ ](â ηB(â, b̂) − b̂ ηA(â, b̂))

]

˙[AaBb ] = p

[
a + 1

a + b + 1
[Aa+1Bb ] 1

N2∩B̄1
K (0)

(a + 1, b) +
b + 1

a + b + 1
[AaBb+1] 1

N2∩B̄1
K (0)

(a, b + 1) − [AaBb ] 1
N2∩B̄1

K (0)
(a, b)

+
∑

(â,b̂)∈N2

â+b̂≤K

[AâBb̂ ]

(
â

â + b̂
(πA(a − 1, b) − πA(a, b)) +

b̂

â + b̂
(πB(a, b − 1) − πB(a, b))

)]

+ (1 − p)

[ ∑
(â,b̂)∈N2

â+b̂≤K

ηA(â, b̂)

( ∑
0≤α≤â
1≤β≤b̂

...

(1 + δâ,a−βδb̂,b+β )[Aâ−αBb̂−β (AαBβ )Aa−α−βBb ] −
∑

0≤α≤â
1≤β≤b̂

...

(1 + δâ,aδb̂,b )[Aâ−αBb̂−β (AαBβ )Aa−αBb−β ]

)

+
∑

(â,b̂)∈N2

â+b̂≤K

ηB(â, b̂)

( ∑
1≤α≤â
0≤β≤b̂

...

(1 + δâ,a+αδb̂,b−α
)[Aâ−αBb̂−β (AαBβ )AaBb−α−β ] −

∑
1≤α≤â
0≤β≤b̂

...

(1 + δm,aδb̂,b )[Aâ−αBb̂−β (AαBβ )Aa−αBb−β ]

)

+
∑

1≤α≤a−1
ηA(a − α, α)[Aa−αBα ] δb,0 +

∑
1≤β≤b−1

ηB(β, b − β)[AβBb−β ] δa,0 − [AaBb ] 1
N2∩B̄1

K (0)
(a, b)

]
for a, b ∈ N, a + b ≤ K .



HYPERGRAPH ADAPTIVE VOTER MODEL: MEAN-FIELD MAGNETISATION

µ̇ =
2(1 − p)

N

∑
(â,b̂)∈N2

â+b̂≤K

[AâBb̂ ](â ηB(â, b̂) − b̂ ηA(â, b̂))

Proportional voting

Since ηA(â, b̂) = â
â+b̂

and ηB(â, b̂) = b̂
â+b̂

,

µ̇ = 0.

In equilibrium, there may be only local consensus
or no consensus at all.

Majority voting
Since ηA(a, b) = Θ(a − b) and ηB(a, b) = Θ(b − a),

µ̇ =
2(1 − p)

N

∑
σ∈N2,|σ|≤K

σ1>σ2

σ2 ([Aσ2 Bσ1 ] − [Aσ1 Bσ2 ]).

If µ
(>)
< 0, [Aσ2 Bσ1 ] − [Aσ1 Bσ2 ]

(>)
< 0 and hence

µ̇
(>)
< 0.

In equilibrium, there is always global consensus.



HYPERGRAPH ADAPTIVE VOTER MODEL: MEAN-FIELD TRAJECTORIES

Proportional voting
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Majority voting
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CONCLUSIONS

→ We have argued that it may be crucial to take group dynamics into account when study-
ing opinion formation.

→ We have shown how to define a proper generalisation of the classical adaptive voter
model and presented a mean-field description.

→ We have discussed how different group dynamics may affect consensus formation.
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