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Why statistical physics?
Macro-scale: thermodynamics (How?)

Micro-scale: statistical physics (Why?) 2



Why social systems?

Social Psychology
Fundamental unit:
a person (micro- scale)

Sociology
Fundamental unit:
a social group (macro-scale)
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Inspiration and hints 
from statistical physics

Basic model

Preference falsification. 
How to develop the model?

More?



Inspiration

Doering GN et al. 2018 Social tipping points in animal societies in 
response to heat stress: timing, recovery and hysteresis. 
Nature Ecol. Evol. 2, 1298–1305.

Pruitt JN et al. 2018 Social tipping points in animal societies. 
Proc. R. Soc. B 285: 20181282 5



The new inspiration
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Questions
• Why achieving a desirable rate of vaccination in modern societies is 

challenging?
• What can be the reason of the rise of mental health disorders among 

undergraduate students?
• Why some ideas, practices 

and products spread so fast while 
the diffusion of other is hampered?

https://www.nature.com/articles/d41586-020-00296-x7



Hysteresis – what is it?

• The dependence of the state of a system on its history
• The term is derived from ὑστέρησις

= lagging behind (Ancient Greek )
• It was coined ∼ 1890 by 

Sir James Alfred Ewing to describe 
the behavior of magnetic materials

• Everyday example?
• What it has to do with social systems?

https://www.fizzicseducation.com.au8



Hysteresis & tipping points in public opinion

• Empirical studies suggest that: 
• it remains seemingly resistant to change (hysteresis) 
• sudden, abrupt shift of opinion can be observed at the 

tipping point

[1] M. Scheffer, etal, Slow response of societies to new problems: 
Causes and costs. Ecosystems (2003)
[2] D. Centola, etal. Experimental evidence for tipping points in 
social convention. Science (2018) 9



Hints from the theory of phase transitions

control parameter
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Continuous phase transitions Discontinuous phase transitions 10

(c) 2013 Piotr Nyczka



CONTINOUS     DISCONTINOUS
Metastability, hysteresis, 
phase coexistence
Latent heat (energy)
critical nucleus (seed)

Hints from the theory of phase transitions
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(c) 2019 Arek Jędrzejewski



Hysteresis and critical nuclei (critical mass)

Not enough         Critical mass

[1] D. Centola, etal. Experimental evidence for tipping points in social convention. Science (2018) 12



What factors hamper 
and what factors promote 

social hysteresis?
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Inspiration and hints 
from statistical physics

Basic model

Preference falsification. 
How to develop the model?

More?



The answer within agent-based models

• Expected: inertia (memory) on the individual level supports 
social hysteresis

• Surprise: memoryless agents can also „produce” hysteresis 
(memory of the system)

• The size of the group of influence
• …
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How to investigate it? 
Example: the q-voter model

𝑆𝑆𝑖𝑖 𝑡𝑡 = ±1 Individual opinion

16



The q-voter model with independence 

1. Choose one voter at random, located at 
site 𝑖𝑖

[1] P. Nyczka, K. Sznajd-Weron, and J. Cislo, Phase transitions in 
the q-voter model with two types of stochastic driving, PRE (2012)
[2] A. Jędrzejewski, Pair approximation for the q-voter model with 
independence on complex networks, PRE (2017) 17



The q-voter model with independence 
1. Choose one voter at random, located 

at site 𝑖𝑖
2. Update the opinion 𝑆𝑆𝑖𝑖

i. Independence with probability 𝒑𝒑
→ change the opinion to the 
opposite one with probability 𝒇𝒇

How?
1. Choose 𝑟𝑟 ∼ 𝑈𝑈(0,1), if 𝑟𝑟 < 𝑝𝑝 then

independence
Example 1:

𝑟𝑟 = 0.1, 𝑝𝑝 = 0.2,𝑓𝑓 = 1 18
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The q-voter model with independence 
1. Choose one voter at random, located 

at site 𝑖𝑖
2. Update the opinion 𝑆𝑆𝑖𝑖

i. Independence with probability 𝒑𝒑
→ change the opinion to the 
opposite one with probability 𝒇𝒇

How?
1. Choose 𝑟𝑟 ∼ 𝑈𝑈(0,1), if 𝑟𝑟 < 𝑝𝑝 then

independence
Example 2:

𝑟𝑟 = 0.3, 𝑝𝑝 = 0.2,𝑓𝑓 = 1 20



The q-voter model with independence 
1. Choose one voter at random, located 

at site 𝑖𝑖
2. Update the opinion 𝑆𝑆𝑖𝑖

i. Independence with probability 𝒑𝒑
ii. Conformity with probability 1 − 𝒑𝒑
→ pick randomly 𝑞𝑞 neighbors 
without repetition

21



The q-voter model with independence 
1. Choose one voter at random, located 

at site 𝑖𝑖
2. Update the opinion 𝑆𝑆𝑖𝑖

i. Independence with probability 𝒑𝒑
ii. Conformity with probability 1 − 𝒑𝒑
→ pick randomly 𝑞𝑞 neighbours 
without repetition,

unanimous group - 𝑆𝑆𝑖𝑖 adjust the group 

Example 3: q=3, not unanimous group 
of influence – nothing changes 22
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Variables, parameters and measurements
• 𝑁𝑁 – the number of agents (constant)
• 𝑆𝑆𝑖𝑖 𝑡𝑡 = ±1, 𝑖𝑖 = 1, … ,𝑁𝑁 individual opinion (dynamical variable)
• 𝑡𝑡 – time measured in Monte Carlo Steps (MCS)
• 1 MCS = 𝑁𝑁 updates

• Model’s parameters:
• 𝑞𝑞 (size of the influence group), 𝑝𝑝 (independence), 

𝑓𝑓 (flexibility, usually 𝑓𝑓 = 1/2)

• What do we measure?
• 𝑚𝑚 𝑡𝑡 = 1

𝑁𝑁
∑𝑖𝑖 𝑆𝑆𝑖𝑖(𝑡𝑡) = 𝑁𝑁+ 𝑡𝑡 −𝑁𝑁−(𝑡𝑡)

𝑁𝑁

• 𝑐𝑐 𝑡𝑡 = 𝑁𝑁+(𝑡𝑡)
𝑁𝑁

,   𝑚𝑚 𝑡𝑡 = 2𝑐𝑐 𝑡𝑡 − 1
25
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Sample trajectories

Example: 𝑞𝑞 = 2,𝑁𝑁 = 200, 𝑐𝑐 0 = 1

𝑝𝑝 = 0.2

𝑝𝑝 = 0.4
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Example: 𝑞𝑞 = 2,𝑁𝑁 = 105, 𝑐𝑐 0 = 𝑐𝑐0 ∈ (0,1)

La
rg

e
sy

st
em

𝑝𝑝 = 0.2

𝑝𝑝 = 0.4
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Stationary states – „small simulations”

• Simulations on the complete graph, 𝑁𝑁 = 1000
• Measurement after 1000 𝑀𝑀𝑀𝑀𝑀𝑀
• Average over the small number of samples
• Simulations by Urszula Grochocińska (3rd year student)

29



How the hysteresis can be seen?

• Simulations on the complete graph, 𝑁𝑁 = 1000
• Measurement after 1000 𝑀𝑀𝑀𝑀𝑀𝑀
• Average over the small number of samples
• Simulations by Urszula Grochocińska (3rd year student)

𝑞𝑞 = 5 𝑞𝑞 = 10

30
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Inspiration and hints 
from statistical physics

Basic model

How to develop the model?
Preference falsification.

More?



The answer within agent-based models

• Expected: inertia (memory) on the individual level supports social 
hysteresis

• Surprise: memoryless agents can also „produce” hysteresis (memory 
of the system)

• The size of the group of influence
• The number of layers in the social network
• Hidden preferences

Each node possesses 
a counterpart node 
in the second level32



Preference falsification

• The act of communicating a preference 
that differs from one's true preference

• Main reason: believe the expressed preference 
is more acceptable socially

• Huge social and political consequences, 
ex: unanticipated revolutions

• Opinion on two levels: public and private
• Not like in the CODA model:

• André C.R. Martins, Continuous opinions and discrete actions 
in opinion dynamics problems, IJMPC 19 (2008)

33



A new work of art in your boss's home

34



The model

• 𝑁𝑁 agents
– Public opinion 𝑆𝑆𝑖𝑖 𝑡𝑡 = ±1
– Private opinion 𝜎𝜎𝑖𝑖 𝑡𝑡 = ±1

• Only 𝑆𝑆𝑖𝑖(𝑡𝑡) is seen by others

• Two types of social responses
– Independence with  𝑝𝑝
– Conformity with 1 − 𝑝𝑝

• Conformity
– compliance (unanimous 𝑞𝑞-panel)
– disinhibitory contagion

𝜎𝜎𝑖𝑖(𝑡𝑡) = +1 𝜎𝜎𝑖𝑖(𝑡𝑡) = −1

𝑆𝑆𝑖𝑖(𝑡𝑡) = +1

𝑆𝑆𝑖𝑖(𝑡𝑡) = −1

PRIVATE (INTERNAL)
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Two types of conformity
• Compliance: public conformity without private 

acceptance
• Asch experiment
• Increases with the size of the group
• Unanimity is crucial

1 2 3 4 5 6 7 8 9 10
0%

10%

20%

30%

40%

The size of the group

co
nf

or
m

ity Asch (1956)
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Two types of conformity
• Disinhibitory contagion

• Appears in the case of the internal intra-psychic conflict
• Single person can influence



Act then Think (AT) model

• choose one voter at random, located 
at site 𝑖𝑖
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𝑆𝑆𝑖𝑖 → 𝜎𝜎𝑖𝑖
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Why „Act then Think (AT) model”?

• “If social psychology has taught us anything during the last 25 years, 
it is that we are likely not only to think ourselves into a way of acting 
but also to act ourselves into a way of thinking.”  
[David G. Myers, Social Psychology 10th Ed. page 131]

• How to update opinions?
• What should be updated first?
• Does it matter for ABM?



Two versions of the model: AT vs. TA

• Act then Think (AT) model
• choose one voter at random, located 

at site 𝑖𝑖
• Act: update the public opinion 𝑆𝑆𝑖𝑖
• Think: update the private opinion 𝜎𝜎𝑖𝑖

• Think then Act (TA) model
• choose one voter at random, located 

at site 𝑖𝑖
• Think: update the private opinion 𝜎𝜎𝑖𝑖
• Act: update the public opinion 𝑆𝑆𝑖𝑖



What do we measure?
• The fraction of individuals with the positive public opinion: 

𝑐𝑐𝑆𝑆(𝑡𝑡) =
𝑁𝑁𝑆𝑆=1(𝑡𝑡)

𝑁𝑁

• The fraction of individuals with the positive private opinion: 

𝑐𝑐𝜎𝜎(𝑡𝑡) =
𝑁𝑁𝜎𝜎=1(𝑡𝑡)

𝑁𝑁

• The level of dissonance = the fraction of individuals that 
have different public and private opinions:

𝑑𝑑(𝑡𝑡) =
1

2𝑁𝑁
�
𝑖𝑖=1

𝑁𝑁

1 − 𝑆𝑆𝑖𝑖 𝑡𝑡 𝜎𝜎𝑖𝑖(𝑡𝑡)

𝑆𝑆𝑖𝑖 𝑡𝑡 𝜎𝜎𝑖𝑖 𝑡𝑡 = 1𝑆𝑆𝑖𝑖 𝑡𝑡 𝜎𝜎𝑖𝑖 𝑡𝑡 = −1

𝑆𝑆𝑖𝑖 𝑡𝑡 = 1

𝜎𝜎𝑖𝑖 𝑡𝑡 = 1



Stationary concentrations of positive opinions
𝑞𝑞 = 4 𝑞𝑞 = 5 𝑞𝑞 = 6

TA
AT

PRIVATE
PU

BLIC

51



Stationary value of the dissonance
𝑞𝑞 = 4 𝑞𝑞 = 5 𝑞𝑞 = 6

TA
AT

𝑑𝑑(𝑡𝑡) =
1
2𝑁𝑁

�
𝑖𝑖=1

𝑁𝑁

1 − 𝑆𝑆𝑖𝑖 𝑡𝑡 𝜎𝜎𝑖𝑖(𝑡𝑡)

𝑆𝑆𝑖𝑖 𝑡𝑡 𝜎𝜎𝑖𝑖 𝑡𝑡 = 1𝑆𝑆𝑖𝑖 𝑡𝑡 𝜎𝜎𝑖𝑖 𝑡𝑡 = −1 52
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Inspiration and hints 
from statistical physics

Basic model

How to develop the model?
Preference falsification.

More?



What factors promote social hysteresis in ABMs?
(not only in the q-voter model - universal)

• Larger size of the group of influence
• Super majority (simple majority is not enough)
• Higher level of independence in the society
• More layers in the social network (Face-to-face, Facebook)
• Situation over personality (person-situation debate)
• Larger number of individual states on the public level
• Preference falsification (internal and external opinion)
• …

54



Take-home messages

1. Memory can appear even  in the society of 
memoryless agents.

2. More channels of communications, more 
independence and larger groups of influence 
promote social hysteresis.
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