
Beyond Social Fragmentation 
Coexistence of Cultural Diversity and Structural Connectivity Is 
Possible with Social Constituent Diversity

HIROKI SAYAMA1,2 AND JUNICHI YAMANOI 2

1 BINGHAMTON UNIVERSITY, 2 WASEDA UNIVERSITY

SAYAMA@BINGHAMTON.EDU



2

In 2012…



3



4



5



Preprint Available
https ://arx iv.org /abs/1911.04381

6



Objective

7



8

Adaptive 
Social Network 
Dynamics



9

Adaptive 
Social Network 
Dynamics



Adaptive 
Social Network 
Dynamics

10



Kozma, B. & Barrat, A. (2008)

Social Fragmentation Transition
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Research 
Question

Loss of information

Loss of communication

Is there any other way?
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What We Did
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Make the agents behaviorally heterogeneous
and see what happens

Existing models in the literature assumed 
behaviorally homogeneous, identical agents



Model
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Another corporate culture

Cultural Integration Model
(Yamanoi & Sayama, 2013)

Each node (individual) has a cultural state
◦ A vector in an m-dimensional cultural space

Cultural space (e.g., m=2)

Corporate culture

Cultural distance

15



A node selects information source 
from its neighbors using link weights 
as probabilities
◦ With a small chance (1%) to pick a 

random node 

Based on cultural distance, it may 
“accept” the source’s culture

Cultural Propagation
(Dynamics on Networks)
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Link Weight Updates
(Dynamics of Networks)

acceptance rejection

Link weight will increase 
(decrease) upon acceptance 
(rejection)

◦ Link disappears if weight gets 
too small (< 0.01)
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Demo

Python + NetworkX
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Experiments
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Behavioral Parameters

• Cultural tolerance d

• Rate of cultural state change rs

• Rate of edge weight change rw

20



Experimental 
Settings
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Initial condition: two culturally 
distinct subnetworks connected to 
each other by random ties

Parameters d, rs, rw:

Mean set to 0.5; s.d. varied 0~0.5

100 replications of simulation for 
each parameter value



Outcome Measures

<CD>: average cultural difference b/w 
original two subnetworks

<SPL>: average shortest path length

• (<CD>, <SPL>) = (high, high) 
=> social fragmentation

• (<CD>, <SPL>) = (low, low)
=> loss of cultural diversity
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Results
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Effect of s.d. of d

High s.d.-of-d areas showed 
(<CD>, <SPL>) = (high, low) 
behavior that was not 
previously reported

24



Not So Much Effect of s.d. of rs or rw
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Interactions on <CD>
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Interactions on <SPL>



Regression Analysis of <CD>
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Regression Analysis of <SPL>
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Regression Analysis (Combined)
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Conclusions

Diversity of cultural tolerance helps 
coexistence of cultural diversity and structural 
connectivity => innovation in society?
• Heterogeneity of entities is crucial for 

understanding complex systems
• Behavioral diversity, not superficial diversity
• Not just tolerance, but diverse levels of tolerance
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Thank You
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