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Many ways to think about 
‘networks of networks’

A network of elements, which themselves are 
networks. 

Hierarchical organization: a network of 
subnetworks (modules) 

Multiple inter-dependent networks



How to model societal 
dynamics?









social influence



Asch conformity experiment (1951)

https://www.youtube.com/watch?v=NyDDyT1lDhA#t=97

https://www.youtube.com/watch?v=NyDDyT1lDhA#t=97
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Under the ‘social’ condition

Error: Less than 1% → ~37%

75% at least one incorrect answer
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Smoke Room Experiment



Models that emphasize conformity



But if you’ve ever tried to 
convince another human 

being… 





Conover et al., 2012



Humans strive for 
“internal consistency”

Leon Festinger



“The most fundamental values in a culture will be 
coherent with the metaphorical structure of the most 

fundamental concepts in the culture.”

Lakoff, George. Metaphors We Live By (p. 22).
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“Strict father model” (Lakoff)
• The world is a dangerous place.

• it always will be, because there is evil out there in the world.

• The world is also difficult because it is competitive.

• There will always be winners and losers.

• There is an absolute right and an absolute wrong. 

• Children are born bad, in the sense that they just want to do what 
feels good, not what is right.

• Therefore, they have to be made good.
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“Nurturant parent model”
• Both parents are equally responsible for raising 

the children.

• Children are born good and can be made better.

• The world can be made a better place, and our 
job is to work on that. 

• The parents’ job is to nurture their children and to 
raise their children to be nurturers of others. 
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A belief system:  

a set of coherent ideas

This core set of beliefs can explain 
a lot of behaviors and positions. 



Confirmation bias & 
Cognitive dissonance



Confirmation bias



Confirmation bias

Existing belief biases 
search for information, 

interpretation, 
memory, and so on. 



The fox and  
the grapes





We need to 
incorporate this.
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s1 s2 s3 s5 s4 

But how can we 
implement ‘internal 

consistency’?

Common ways to model beliefs
Spins

Vectors
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s1 s2 s3 s5 s4 

s1 

s2 

s3 

s5 

s4 



s1 s2 s3 s5 s4 

s1 

s2 

s3 

s5 

s4 Maybe we should 
have a network.



A person’s mind

Concepts



Social Knowledge Structure (SKS) model

Greenwald et al. 2002



social balance theory

Bill 

Joe 

Jill 



social balance theory

Bill 

Joe 

Jill 

“The enemy of my 
enemy is my 

friend.”
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Combining peer influence 
with coherence



Model

FIG. 1. (a) Social models, such as the voter or Sznajd models, focus on the assimilation process

through social pressure and beliefs are usually simplified as independent states. (b) Cognitive

models, such as the SKS model, focus on the interaction and coherence of beliefs of a single

individual and how individuals make decisions and change their minds. The e↵ect of social networks

is often unaddressed. (c) Our model incorporates both forces, recognizing not only social pressures

but also the connected nature of human beliefs. The social network acts as a surrogate for belief

transmission between individuals. We model a belief as a signed relationship between two concepts.

We express the internal coherence of a network of such beliefs in terms of social balance theory

where relationship triads can be either stable or unstable. The belief networks evolve over time as

individuals decide whether to accept new beliefs transmitted by their peers.

13



Internal consistency

(social balance)

E(i)
m

= � 1

N�

X

j,k,l

a
jk

a
kl

a
jl

(1)

N� is the total number of triads in the network of individual m, a
jk

is the association

connecting nodes j and k of the belief network, and can be +1 (positive association) or �1

(negative association). The sum is taken over all triads in the network.

A single association’s contribution to the energy depends on the state of adjacent associa-

tions, providing interdependence and rigidity to the belief system. Beliefs do not necessarily

reflect reality. They may be entirely fabricated or completely false. It is, however, the rel-

ative interaction between beliefs that gives them their strength, reflective of psychological

factors like confirmation bias and cognitive dissonance.

The evolution of belief systems is also driven by social interactions, where people com-

municate their beliefs to others. We represent such societies as social networks whose nodes

are individuals and edges represent social relationships through which ideas are communi-

cated. We define a second energy term, local “social” energy, inspired from spin systems that

measure the degree of alignment between the beliefs of an individual m and their neighbors:

E(s)
m

= �
X

q

~S
m

· ~S
q

, (2)

The sum is taken over all neighbors q of individual m. ~S is a vector of beliefs mapped

from the belief graph. Each edge in the belief graph represents a unique belief that associates

two concepts with an valence. There is a unique vector for each unique belief system where

the size is |~S| = N(N � 1)/2, where N is the number of nodes in the belief graph. For our

simulations N is the same for each person.

We combine the internal energy with the social energy for all individuals to define the

total energy (Hamiltonian) of the form:

H = �J
X

m2M

 
1

N�

X

j,k,l

a
jk

a
kl

a
jl

!
� I

X

m,q2M,m 6=q

~S
m

· ~S
q

(3)

Where M is set of people in the social network and the last sum is taken over all links

on the network. The parameters J and I, which we refer to as the coherentism and peer-

influence respectively, control the relative contribution of the internal energy and the social
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Spin model

Social influence

Methods 49

Our approach considers a network of concepts and beliefs where the nodes represent 50

concepts and signed edges between them represents binary associative beliefs that 51

capture the relation between two concepts (cf. Social Knowledge Structure (SKS) 52

model [32]). This formulation allows us to define internal coherence through the 53

principle of triad stability in social balance theory [43–46]. For instance, Simon is a 54

devoted member of the Grey Party. Herbert is also a member of the Grey Party, but 55

has been charged with corruption. There is a positive link between Herbert and the 56

Grey Party, and between Herbert and corruption, while there is a negative link between 57

Grey Party and corruption. Such pressured configurations are considered unstable 58

(incoherent), and are analogous to frustrated states in spin-systems or unstable social 59

triads. To resolve the frustration Simon may dissociate Herbert from the allegations of 60

corruption, drop Herbert’s association with the party, or change the relationship 61

between the Grey Party and corruption. It has been shown that people tend to quickly 62

resolve such inconsistency when provided the opportunity to choose dissonance 63

reduction strategies [47]. Yet, in the presence of social pressure or more complicated 64

concept associations, a concept may remain pressured. Each triad in a belief network 65

can be either stable or unstable, as shown in Fig. 1(c). The incoherence of an entire 66

belief system can thus be captured by an internal energy function [48]: 67
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, (1)

where N
�

is the total number of triads in the belief network of individual m, a
jk

is the 68

association connecting nodes j and k of the belief network, which can be +1 (positive 69

association) or �1 (negative association). The sum is taken over all triads in the 70

network. 71

A single association’s contribution to the energy depends on the state of adjacent 72

associations, providing interdependence and rigidity to the belief system. Beliefs do not 73

necessarily reflect reality. They may be fabricated or completely false. It is, however, 74

the interaction between beliefs that gives them their strength, reflective of psychological 75

factors like confirmation bias and cognitive dissonance. 76

The evolution of belief systems is also driven by social interactions, through which 77

people communicate their beliefs to others. We represent such societies as social 78

networks whose nodes are individuals and edges represent social relationships through 79

which ideas are communicated. We define a second, “social” energy term, inspired by 80

energy in the spin-based models which capture the degree of alignment between 81

connected individuals. The ‘local’ social energy that an individual m feels can be 82

defined by: 83

E(s)

m

= � 2

k
max

N(N � 1)

X

q2�(m)

~S
m

· ~S
q

, (2)

where the sum is taken over the set of m’s neighbors, denoted by �(m). ~S is a belief 84

state vector where each element corresponds to an edge in the belief network. 85

|~S| = N(N � 1)/2, where N is the number of nodes in the belief graph. For our 86

simulations N is the same for each person and everyone possesses the same set of 87

concepts (nodes). 88

We combine the internal energy with the social energy for all individuals to define 89

the total energy as follows: 90

H =
X

m2M

h
JE(i)

m

+ IE(s)

m

i
(3)
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Two energies

Individual:

society:

where M is set of people in the social network and the last sum is taken over all links on 91

the network. The parameters J and I, which we refer to as the coherentism and 92

peer-influence respectively, control the relative contribution of the internal energy and 93

the social energy to the total. The dynamics is dominated by internal belief coherence if 94

J � I and by social consensus when I � J . 95

Each individual is endowed with their own internal belief network and may transfer 96

some of their beliefs to their social contacts. A receiver of a belief either accepts the 97

incoming belief or not based on the context of their own belief system (internal 98

coherency) and similarity to their neighbors (social conformity). A belief is more likely 99

to be accepted if it increases the coherence of an individual’s own belief system, social 100

pressure will also increase the odds of a belief being accepted, even if it conflicts with 101

their belief system. 102

We implement these ideas by creating the following rules: at each time step t, a 103

random pair of connected individuals is chosen and one of the individuals (sender) 104

randomly chooses a belief (association) from its internal belief system and sends it to 105

the other individual (receiver), as illustrated in Fig. 1(c). We assume that each 106

individual has an identical set of concept nodes. Figure 1(c) shows the selection and 107

emission process on a graph. The receiver accepts the association if it makes its belief 108

system more coherent by decreasing the energy (�E < 0). Even if the change in energy 109

is less than zero, �E > 0 (incoherent), the receiver may still accept on social grounds 110

with the probability of e
��E

T . This term is analogous to the Boltzmann factor [49]. T , 111

which we refer to as susceptibility, serves a similar purpose as temperature in physical 112

systems for the belief network. As T increases, an individual is more likely to accept 113

their neighbor’s opinions that conflict with their own. 114

We characterize the status of the whole society by defining two global energy 115

functions. First, the mean individual energy hE(i)i measures the average internal 116

coherence of individuals. It is expressed by the following equation: 117

hE(i)i = 1

|M |
X

m2M

E(i)

m

. (4)

The average is taken over the energies of all individuals and it can take values between 118

+1 and �1. hE(i)i = �1 means that every individual in the society possesses a 119

completely coherent belief system, with no pressured beliefs. The other extreme (+1) 120

represents a society where every individual has completely incoherent beliefs. 121

Yet, this measure does not give us any indication of how homogeneous a society is, 122

as belief systems can vary widely while still being coherent. We have a second energy 123

measure inspired from spin systems: 124

hE(s)i = 1

|M |
X

m2M

E(s)

m

, (5)

which is minimized if the society is in consensus. 125

For each simulation we use an Erdös-Rènyi graphs with N = 104 nodes and average 126

degree of 5, though similar results are found for 2D lattices. The belief network was 127

fully connected with N
�

= 5. 128

Results 129

Most opinion models exhibit a phase transition from a disordered state to an ordered 130

one [28], where the ordered state represents consensus. As our model includes the two 131

conflicting forces—personal belief rigidity and social influence—we first ask how the 132

relative strength of these two forces governs consensus dynamics. 133
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FIG. 2. (a-c) Phase diagrams of various combinations of the three parameters J , I, and T . Along

with corresponding slices through the phase space (bottom row). (a,d) peer-influence I and sus-

ceptibility T conflict creating a regime where multiple belief systems with various coherences can

coexist. We see a similar regime appear in (b, e) where peer-influence and coherentism contend

for dominance. More traditional disorder-to-order transitions as in other opinion models also take

place when I is small and fixed (c, f).

14

Phase transition



Even a homogeneous society may 
spontaneously become unstable
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FIG. 3. Spontaneous social transition. Strong societal consensus does not guarantee a stable

society in our model. If major paradigm shifts, such as wars or economic crisis, occur and make

individual belief systems incoherent, a society may undergo a catastrophic transition. (a) The plot

shows the evolution of social energy E(s) over time. The system starts in a homogeneous state where

99% of the population is in a consensus with highly coherent beliefs. We then introduce a shock

by flipping beliefs, making the dominant belief system incoherent. Individuals leave consensus,

searching for more coherent sets of beliefs, until society re-converges at a stable configuration.

The social energy of the system, as coherence of beliefs plays a critical role. (b) Decreasing mean

individual energies hE(i)i over time illustrates individual stabilization during societal transition. (c)

As society is upset, the original dominant belief system S
o

(solid black) is replaced by an emerging

alternative S
f

(dashed red).
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Even a homogeneous society may 
spontaneously become unstable
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Consistency of Zealots



Consistency of beliefs 
(balance in the belief 

network)



How well can we 
convert the cult?

FIG. 5. (a) The survival of cults and fringe groups depends on the coherence and strength of

beliefs. We create a network with two communities with parameters T = 2.0, I = 0.001, and

J = 2.0—putting the system in a regime where it will seek consensus. We vary the fraction of links

that connect the cult community to the mainstream community, denoted µ. e
o

is the number of

social links between communities and
P

k
i

is the total number of links in the cult (both shared and

internal). The mainstream community attempts to convert the smaller cult. (b) At low µ the lack of

exposure allows the cult to resist mainstream conversion. At higher µ there is su�cient exposure

to the mainstream community to overcome the rigidity of the cult’s belief system. However,

the process of conversion becomes more di�cult as the cult’s beliefs become more coherent than

mainstream beliefs. Cults are easily converted with highly coherent mainstream beliefs even at low

exposure levels (black circles), while cults maintain their beliefs even at high exposure given low

coherence of mainstream beliefs (red squares).
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More nuanced, complex ‘truth’ 
may have hard time convincing 

a cult with strong coherence 
and less truth. 



It can become almost 
impossible to convert a 

cult

FIG. 6. (a) Exposure determines conversion resistance when peer-influence (I) is strong. (b) Fringe

groups can sustain their beliefs, even at a very high level of social exposure, with high levels of

individual coherentism (J).
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(b)(a)

Figure 5. Belief Invasion (a) The survival of cults and fringe groups depends on the
coherence and strength of beliefs. We create a network with two communities with
parameters T = 2.0, I = 0.09, and J = 2.0—putting the system in a regime where it
will seek consensus. We vary the fraction of links that connect the cult community to
the mainstream community, denoted µ. e

o

is the number of social links between
communities and

P
k
i

is the total number of links in the cult (both shared and
internal). The mainstream community attempts to convert the smaller cult. (b) At low
µ the lack of exposure allows the cult to resist mainstream conversion. At higher µ
there is sufficient exposure to the mainstream community to overcome the rigidity of
the cult’s belief system. However, the process of conversion becomes more difficult as
the cult’s beliefs become more coherent than mainstream beliefs. Cults are easily
converted with highly coherent mainstream beliefs even at low exposure levels (black
circles), while cults maintain their beliefs even at high exposure given low coherence of
mainstream beliefs (red squares). Bars show standard deviation.

(a) (b)

Figure 6. Community and belief rigidity (a) Exposure determines conversion
resistance when peer-influence (I) is strong. (b) Fringe groups can sustain their beliefs,
even at a very high level of social exposure, with high levels of individual coherentism
(J).
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Summary
• “Network of networks” as a framework to model social 

changes.  

• We need to consider internal consistency as a key part of the 
opinion / social dynamics model.  

• Such consideration can provide explanations of many social 
phenomena.  

Nathaniel Rodriguez Johan Bollen


