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Many complex social systems self-organize into

communities of like-minded individuals united by

preference or ideology. A model organism for this

class of phenomena is the adaptive voter model

(AVM). An AVM is defined on a network in which

nodes possess a binary opinion (i.e. 0 or 1). A

node’s opinion is influenced by that of its neighbors,

but in the event of disagreement a node may with

probability α elect to sever connection and create

a new connection. In the rewire-to-random model

variant, the new connection is chosen at random

from the entire social network, while in the rewire-

to-same model variant, only like-minded nodes are

candidates for the new connection.

Though simple in definition, AVMs possess rich

phenomenology that includes phase transitions and

quasistability. Their analysis is complicated by the

nonlinearity induced by coupling node and edge dy-

namics. Despite many extant methods for study-

ing AVMs, we have historically lacked the ability

to generate numerically accurate approximations or

explain even heuristically a striking qualitative ob-

servation: the emergence of persistent disagreement

depends on the opinion densities in the rewire-to-

random case, and not in the rewire-to-same case.
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Figure 1: Numerical estimation of the phase transition α∗ as a function of the density of opinion-1 nodes

for varying mean degrees c in the rewire-to-random and rewire-to-same model variants. Color gives the

density ρ of discordant edges.

We introduce a small noise term into the AVM

dynamics, which renders those dynamics ergodic.

Using ergodicity and a local Markovian approxima-

tion, we formulate an accurate, scalable analytical

scheme for studying AVMs. This scheme accurately

predicts the phase transition at which persistent

disagreement emerges (Figure 1), and offers direct

physical intuition into the difference in the phase

transitions of the rewire-to-random and rewire-to-

same model variants. Additionally, our approxi-

mation provides numerically accurate estimates of

the disagreement density in the supercritical regime

for general opinion densities, a task at which to our

knowledge no current methods succeed. Addition-

ally, unlike most extant methods, the complexity of

our approximations is constant in the mean degree.

This enables estimates for higher-density networks

than previously possible. These results thus outline

a novel path toward the analytical study of more

complex models of polarization in social networks.
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