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SOCIAL 

NETWORK STRUCTURE

DYNAMICS OF 

INFORMATION SPREADING

Deconstructing the (first) title&

ROLE OF 

ALGORITHMIC BIAS

CONSENSUS COEXISTENCE POLARIZATION

Peralta, Iñiguez et al. Phys. Rev. E 104 (2021): 044312 Peralta, Iñiguez et al. J. Phys. Comp. 2 (2021): 045009







DYNAMICS ON NETWORKS 3 approximate master equations for binary dynamics

EPIDEMIC SPREADING

SOCIAL CONTAGION

OPINION FORMATION

CULTURAL DYNAMICS

Node state -> Susceptible, infected, & 

Edges -> Transmission of disease

Node state -> Adopted, not adopted 

Edges -> Transfer of ideas, behavior, &

Node state -> Opinion A, B, & 

Edges -> Transfer of information

Node state -> Cultural features 

Edges -> Similarity & interaction

HUMAN MOBILITY

Node state -> Amount of people 

Edges -> Roads, airways, etc.

divide network in groups of nodes with degree  and  infected neighbors! "
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susceptible nodes (S) infected nodes (I)

Gleeson, Phys. Rev. X 3 (2013): 021004 Porter et al. Front. Appl. Dynam. Sys., Vol. 4 (Springer, 2016)Gleeson, Phys. Rev. Lett. 107 (2011): 068701



node group  

to vector 

(!, ")

(k, m)

and extend AMEs

SIMPLE NETS

MULTILAYER NETS

WEIGHTED NETS

TEMPORAL NETS

Ruan, Iñiguez et al. Phys. Rev. Lett. 115 (2015): 218702

Karsai, Iñiguez et al. Sci. Rep. 6 (2016): 27178

Unicomb, Iñiguez, Karsai. Sci. Rep. 8 (2018): 3

Unicomb, Iñiguez et al. Phys. Rev. E 100 (2019): 040301(R)

DYNAMICS ON NETWORKS 3 extending AMEs to arbitrary networks



SOCIAL 

NETWORK STRUCTURE 
(stochastic 1- & 2-block model)

DYNAMICS OF 

INFORMATION SPREADING 
(binary opinion dynamics)

So what about algorithmic bias?

Bozdag. Ethics Inf. Technol. 15 (2013): 209 Pariser. The Filter Bubble: What The Internet Is Hiding From You (Penguin Books Limited, 2011) 

Bakshy et al. Science 348 (2015): 1130  Möller et al. Inform. Commun. Soc. 21 (2018): 959                  Nikolov et al. J. Assoc. Inf. Sci. Tech. 70 (2018): 218

use of filtering algorithms to tailor user-specific content and avoid information overload

SEMANTIC FILTERING 

(content similar to what 

user consumed before)

COLLABORATIVE FILTERING 

(content similar to what 

similar users consumed before)

GENERAL POPULARITY 

(most popular content)

ROLE OF 

ALGORITHMIC BIAS



NOISY VOTER MODEL

MAJORITY VOTE MODEL

LANGUAGE MODEL

Kirman. Q. J. Econ. 108 (1993): 137 

Granovsky, Madras. Stoch. Proc. Appl. 55 (1995): 23

Liggett. Interacting Particle Systems (New York, 1985)  

de Oliveira. J. Stat. Phys. 66 (1992): 273 

Abrams, Strogatz. Nature 424 (2003): 900  

Peralta et al. Chaos 28 (2018): 075516
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two model parameters: 

     (regulates noise) 

     (tunes 8group9 interactions) 
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Peralta, Iñiguez et al. Phys. Rev. E 104 (2021): 044312

Peralta, Iñiguez et al. J. Phys. Comp. 2 (2021): 045009



NO BIAS 

( )+ = 0

BIAS 

( )% > &

minimal implementation of algorithmic bias
people disregard a fraction of friends w/ different opinion

Peralta, Iñiguez et al. Phys. Rev. E 104 (2021): 044312 Peralta, Iñiguez et al. J. Phys. Comp. 2 (2021): 045009



NO BIAS 

( )+ = 0

BIAS 

( )% > &

minimal implementation of algorithmic bias
people disregard a fraction of friends w/ different opinion

Peralta, Iñiguez et al. Phys. Rev. E 104 (2021): 044312 Peralta, Iñiguez et al. J. Phys. Comp. 2 (2021): 045009

algorithmic bias amounts to 

effective transition rates 

(convolution w/ a binomial ),
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HOMOGENEOUS NETWORKS (degree dist  w/ large )-! . = ⟨!⟩

#/

#%
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CONSENSUS

COEXISTENCE

/(∞) = 0

/(∞) = 1

/(∞) = 1/2

MEAN FIELD 

(for infection 

density )/

Peralta, Iñiguez et al. Phys. Rev. E 104 (2021): 044312

Peralta, Iñiguez et al. J. Phys. Comp. 2 (2021): 045009



HOMOGENEOUS NETWORKS (degree dist  w/ large )-! . = ⟨!⟩

#/

#%
= (1 − /)0[
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1 − +/ ] − /0[
(1 − +)(1 − /)

1 − +(1 − /) ]
0[1] = 3

!

-!

!

3
"=0

&!,",!,"(1)

CONSENSUS

COEXISTENCE

/(∞) = 0

/(∞) = 1

/(∞) = 1/2

MEAN FIELD 

(for infection 

density )/

8pair9 interactions: 

ALGORITHMIC BIAS 

PROMOTES CONSENSUS!

8group9 interactions: 

ALGORITHMIC BIAS 

PROMOTES COEXISTENCE!

language model 

interpolates 

between behaviors

Peralta, Iñiguez et al. Phys. Rev. E 104 (2021): 044312

Peralta, Iñiguez et al. J. Phys. Comp. 2 (2021): 045009



HETEROGENEOUS NETWORKS (stochastic 2-block model)

#/1

#%
= (1 − /1)0[ (1 − +)(/1 + 21/2)

1 + 21 − +(/1 + 21/2) ] − /10[
(1 − +)(1 − /

1
+ 21(1 − /2)

1 + 21 − +(1 − /1 + 21(1 − /
2
)) ]

21 = 32.12 /31.1 22 = 31.21/32.2

#/2

#%
= (1 − /2)0[ (1 − +)(/2 + 22/1)

1 + 22 − +(/2 + 22/1) ] − /20[
(1 − +)(1 − /

2
+ 22(1 − /1)

1 + 22 − +(1 − /2 + 22(1 − /
1
)) ]

MEAN FIELD (for infection densities , )/1 /2
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HETEROGENEOUS NETWORKS (stochastic 2-block model)

#/1

#%
= (1 − /1)0[ (1 − +)(/1 + 21/2)

1 + 21 − +(/1 + 21/2) ] − /10[
(1 − +)(1 − /

1
+ 21(1 − /2)

1 + 21 − +(1 − /1 + 21(1 − /
2
)) ]

21 = 32.12 /31.1 22 = 31.21/32.2

#/2

#%
= (1 − /2)0[ (1 − +)(/2 + 22/1)

1 + 22 − +(/2 + 22/1) ] − /20[
(1 − +)(1 − /

2
+ 22(1 − /1)

1 + 22 − +(1 − /2 + 22(1 − /
1
)) ]

MEAN FIELD (for infection densities , )/1 /2

CONSENSUS

COEXISTENCE

/1(∞) = /2(∞) = 0

/1(∞) = /2(∞) = 1

/1(∞) = /2(∞) = 1/2

POLARIZATION

,/1(∞) = 0        /2(∞) = 1

,/1(∞) = 1        /2(∞) = 0

POLARIZATION

CONSENSUS

Peralta, Iñiguez et al. Phys. Rev. E 104 (2021): 044312

Peralta, Iñiguez et al. J. Phys. Comp. 2 (2021): 045009



8pair9 interactions

8pair9 interactions: 

INCREASING BIAS 

leads to 

CONSENSUS 

and then 

POLARIZATION

Peralta, Iñiguez et al. Phys. Rev. E 104 (2021): 044312

Peralta, Iñiguez et al. J. Phys. Comp. 2 (2021): 045009



8pair9 interactions

8pair9 interactions: 

INCREASING BIAS 

leads to 

CONSENSUS 

and then 

POLARIZATION

8group9 interactions

8group9 interactions: 

DECREASING BIAS 

leads to 

CONSENSUS 

and then 

POLARIZATION

Peralta, Iñiguez et al. Phys. Rev. E 104 (2021): 044312

Peralta, Iñiguez et al. J. Phys. Comp. 2 (2021): 045009



(first) TAKE AWAY: What can we learn from the model?

when discussing one-on-one, filtering out disagreeing views 

leads to consensus, and in the extreme, to polarization

when discussing in groups the opposite happens: 

filtering out disagreeing views promotes coexistence

polarization in social networks results from a nuanced interplay 

of network structure, spreading dynamics, & content filtering, 

and can be treated within a flexible framework



SOCIAL 

NETWORK STRUCTURE

DYNAMICS OF 

POLITICAL IDEOLOGIES

Deconstructing the (second) title&

ROLE OF 

ONLINE PLATFORMS

(multidimensional) 

POLARIZATION

Ramaciotti, Iñiguez et al. SNAM 13 (2023): 14 Peralta, Iñiguez et al. arXiv (2023): 2305.02941



Ramaciotti, Iñiguez et al. SNAM 13 (2023): 14 Peralta, Iñiguez et al. arXiv (2023): 2305.02941

FRENCH 

TWITTER 

(2019)

813 Members of Parliament (MPs) & 230k followers

(parties in 
France)



Ramaciotti, Iñiguez et al. SNAM 13 (2023): 14 Peralta, Iñiguez et al. arXiv (2023): 2305.02941

FRENCH 

TWITTER 

(2019)

813 Members of Parliament (MPs) & 230k followers

2-step 

LATENT SPACE 

EMBEDDING

(parties in 
France)



Ramaciotti, Iñiguez et al. SNAM 13 (2023): 14 Peralta, Iñiguez et al. arXiv (2023): 2305.02941

FRENCH 

TWITTER 

(2019)

813 Members of Parliament (MPs) & 230k followers

2-step 

LATENT SPACE 

EMBEDDING

4 identifiable political dimensions

(parties in 
France)



Ramaciotti, Iñiguez et al. SNAM 13 (2023): 14 Peralta, Iñiguez et al. arXiv (2023): 2305.02941

Latent space captures groups & ideologies of MPs and parties

COMMUNITY DETECTION 

(stochastic block model + min description length)

(10 parties)



Ramaciotti, Iñiguez et al. SNAM 13 (2023): 14 Peralta, Iñiguez et al. arXiv (2023): 2305.02941

Latent space captures groups & ideologies of MPs and parties

COMMUNITY DETECTION 

(stochastic block model + min description length)

(10 parties)

Center is centrist 

in all but EU!

Left is leftist!

Liberal right 

& Nationalists differ!



Ramaciotti, Iñiguez et al. SNAM 13 (2023): 14 Peralta, Iñiguez et al. arXiv (2023): 2305.02941

Twitter users are more extreme (& segregated) than MPs

USERS 
(by number)

MPs 
(by degree)
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Twitter users are more extreme (& segregated) than MPs

USERS 
(by number)

MPs 
(by degree)

COMMUNITY DETECTION 

(stochastic block model + 4 comms constraint)



Ramaciotti, Iñiguez et al. SNAM 13 (2023): 14 Peralta, Iñiguez et al. arXiv (2023): 2305.02941

Twitter users are more extreme (& segregated) than MPs

USERS 
(by number)

MPs 
(by degree)

COMMUNITY DETECTION 

(stochastic block model + 4 comms constraint)

more centrist  and  groups interact 

with others despite their differences

β γ

more extreme  and  groups segregate 

as they diverge in ideology!

α δ



Ramaciotti, Iñiguez et al. SNAM 13 (2023): 14 Peralta, Iñiguez et al. arXiv (2023): 2305.02941

Modeling multidimensional political polarisation online
⃗vi(t) = (xi(t), yi(t), zi(t), wi(t))

÷V m = (Xm, Ym, Zm, Wm)

⃗vi(t + Δt) = ⃗vi(t) + Iij[ ⃗vj(t) − ⃗vi(t)]

⃗vi(t + Δt) = ⃗vi(t) + Iim[ ÷V m − ⃗vi(t)]

user <-> user

user <-> MP

(variable) user 4D opinions

(fixed) MP 4D opinions

(  ratio of 

time scales)

λ

influence kernel from experimental evidence

Chacoma, Zanette. PloS ONE 10 (2015): e0140406



Ramaciotti, Iñiguez et al. SNAM 13 (2023): 14 Peralta, Iñiguez et al. arXiv (2023): 2305.02941

Modeling multidimensional political polarisation online
⃗vi(t) = (xi(t), yi(t), zi(t), wi(t))

÷V m = (Xm, Ym, Zm, Wm)

⃗vi(t + Δt) = ⃗vi(t) + Iij[ ⃗vj(t) − ⃗vi(t)]

⃗vi(t + Δt) = ⃗vi(t) + Iim[ ÷V m − ⃗vi(t)]

user <-> user

user <-> MP

(variable) user 4D opinions

(fixed) MP 4D opinions

(  ratio of 

time scales)

λ

influence kernel from experimental evidence

Chacoma, Zanette. PloS ONE 10 (2015): e0140406

fitted model recovers ideological 

positions of most users

except for extremists in LR, NA, AE 

(different mechanisms?)



(second) TAKE AWAY: polarisation is inherently multidimensional

political polarisation is not reducible to a single dimension: 

embedding Twitter data uncovers 4 dimensions of political ideology in France

users and MPs form groups of similar people: 

but users are more extreme & segregated, polarising Twitter

mechanisms of opinion imitation & inertia between users & MPs 

are enough to emulate ideologies seen in data, at least for centrists



Peralta, Ramaciotti, Kertész, Iñiguez

Multidimensional political polarization in

online social networks 
Under review, arXiv:2305.02941 (2023) 

https://doi.org/10.48550/arXiv.2305.02941

interested in networks and comp soc sci?

come w/ us to The North!

gerardoiniguez.com

@iniguezg

more info online:

1 postdoc @ TaCoLAB, Tampere, Finland 

(apply by Nov 30)

Follow us!

Follow me!

networkdatascience.ceu.edu

@dnds_ceu @ceu

Peralta, Neri, Kertész, Iñiguez

Effect of algorithmic bias and network structure on 

coexistence, consensus, and polarization of opinions 

Physical Review E 104, 044312 (2021)

https://doi.org/10.1103/PhysRevE.104.044312

Join us at (one the oldest) satellites of 

CCS! This time in Salvador, Brazil, 2023

tuni.fi/en/research/tampere-complexity-lab

@TampereUni

ALSO: assistant professorship @ CEU Vienna: 

https://www.ceu.edu/job/assistant-professor-fmd
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