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In many recent elections, votes tend to split 50/50



Komorowski-Duda 2015
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Iohannis-Ponta 2014
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USA



Bush-Kerry 2004



Obama-Romney 2012



Trump-Clinton 2016



Attractor of the dynamics?

24.11 12.12 14.01 21.01 6.02 23.02 15.03 23.03 12.04 24.04 1.05 8.05 I round

But how the voters know how to stop exactly at 50/50?

Komorowski-Duda 2015



Do polls matter?



Contrarians

O. Devauchelle, P. S., P. Nowakowski, Phys. Rev. E, 109, 044106, 2024



assume uniform couplings between neighbors:   

The model
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Ising-like Hamiltonian:

local: sharing the 
opinion with the 
people we connect to

polls: mean opinion of the 
society

global: coupling to the polls
(dislike of a general opinion)
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Jij - measures the influence of voter j on voter i
ε - sensitivity of a voter to opinion polls

1 2ijJ =

(fixing the energy scale)

Ising model in opinion dynamics:  Nowak et al., Psychol. Rev., 97, 362, 1990

total Hamiltonian:



Glauber dynamics
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Probability of spin flip: 

change in energy if 
the spin were to flip.

i is s→−

(Monte Carlo)

1β − - temperature; sets the amount of randomness (individual 
autonomy, “free will”, noise, imperfect information)

Glauber, RJ; J. Math. Phys.. 4, 294, 1963



Evolution

thermal phase

ferromagnetic phase

split-society phase



Characterizing the phases
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Phases

• for ɛ=0, at βc, the system develops a spontaneous magnetization 
• an ordered phase then emerges, with general opinion taking one of 

two opposed, nonzero values (             )
• for ɛ>1, at βc, two seemingly ferromagnetic domains appear, at the 

energetic cost of maintaining an interface between them
• energy density and the clustering coefficient are barely affected by ε 

but remains small at any temperature s

1s ≈ ±

β



Peanut-shaped Poland

social rift: voters are better connected to their 
own side of the network than to the opposite

interface between domains tends to align with geographic or 
historical boundaries, where neighbor coupling is weaker

T. Zarycki, The electoral geography of Poland, Erdkunde 69, 107 (2015)



• local minimum at           for 
• global minimum for 

Cluster model
• assume that electorates form two clusters, with N+ and 

N-=N-N+ voters, respectively
• energy cost of the interface is proportional to the 

perimeter, L(N+)
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no. of links to opposing voters (α=2 for triangular lattice)

in terms of N:



Election data

average margin of victory, estimated over at least 3 binary elections since 
1990

• transitional electorate size ~106

2N  = 4πt ε

0.003ε ≈

• for an average voter, the result of opinion polls 
matters about 300 times less than their friends’ 
and neighbors’



Susceptibility
External field H:

Calculate    which minimizes the energy and differentiate with respect to H s
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• ordered phase similar to a ferromagnetic one, where 
neighbor interactions dominate thermal fluctuations

• susceptibility remains finite, resembling a paramagnetic 
rather than a classical ferromagnetic phase. 

1ε  1
2ε

Split-society phase:

Diverges when split society 
phase disappears ( )2ε α∗ →



Active voters

S. Rakowski, P. S. “Public opinion dynamics in the active voter model”, 
APS March Meeting, March 16–21, 2025, Anaheim, USA(work in progress)



watching poll 
results

my candidate 
is losing…

my candidate 
is winning!

I relax…
He will surely win!

I need to act! 



Non-reciprocal relations

more active less active



Non-reciprocal Ising model

ijJ

jiJ

ij jiJ J≠

• Non-reciprocal physics: the third law of dynamics broken
• Hamiltonian does not exist
• No detailed balance

A B B AF F→ →≠ −

i j

Avni, Y., et al. "Nonreciprocal Ising model." Phys. Rev. Lett. 134 (2025): 117103.



Active voter model

ijJ

jiJ

i j

my candidate 
is losing…

increases

my candidate 
is winning…

decreases

• the couplings between the spins evolve as a result of the polls
• supporters of the losing candidate increase their activity (and hence Jij couplings)
• supporters of the winning candidate get lazy (decrease Jji couplings) 



Convincing (spin flipping)



Local field and Glauber dynamics
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Probability of spin flip: i is s→−

Local field: 

Lipowski et al, Phase transitions in Ising models on 
directed networks, Phys. Rev. E 92, 052811, 2015



The model

j+ • assume there are only two weights—one for voters supporting Candidate A, 
and one for those supporting Candidate B.
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• evolve the weights in response to the polls
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Damped oscillations

time
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Average opinion (   ) and clustering coefficient (c) vs times Not unlike:

(Brexit polls)

(Duda/Trzaskowski)



Undecided voters

• look at the neighbourhood of 50% − 50%
• the pattern consists of two large clusters with the dynamics reduced to spin flips along the 

perimeter of these clusters
• along the perimeter, the spins with the highest probability of flipping are those which have 

two ‘+’ and two ’-’ partners – undecided voters

(“kinks”)



Undecided voters
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Oscillations
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Quality factor

captures how quickly the system forgets its initial state relative 
to its natural oscillation period0 32 kN abQ

N c
βω τ= =

Number of kinks vs the cluster size :

( ) ~ 2kN N N γγ
+ ≈

( )1 2~Q N γ −

Scaling of the quality factor:

For a regular 2d lattice: 1 2γ =

In d dimensions ( 1)d dγ = −



Polling statistics

• Democracies with at least 20 years of continuous functioning
• Direct popular election of the head of state
• Two-round electoral system (second-round data)
• Availability of accessible and reliable electoral data

xkcd.com



Polling data
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theory:

( )1 2~Q N γ −

1γ ≈

suggests higher dimensionality of the social network (alternative explanation in terms of the Ornstein-Uhlenbeck process)



Conclusions
Opinion polls can change the dynamics of the system, leading to the emergence of 
split society phase

How to prevent it?

• decouple from poll feedback: banning polls(?), discouraging the overemphasis of polls in media
• introduce third attractors: avoid  two-party systems, support nuanced or 

multi-option discourse (e.g., through centrist candidates, issue-based 
coalitions etc.) that pulls the system away from strict binary choices

• promote adaptive engagement: design incentives so that engagement 
increases not when one side is "losing" but when mutual understanding 
or compromise grows. This shifts the dynamics from zero-sum to 
cooperative.

• introduce noise or heterogeneity: external "temperature"—randomness, 
individual variation, or personal experiences—can disrupt rigid 
alignment and soften domain walls between opinion clusters
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