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

Hiroki Sayama'? and Junichi Yamanoi'

! Waseda Innovation Lab, Waseda University, Shinjuku, Tokyo 169-8050, Japan
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Abstract. Social fragmentation caused by widening differences among constit-
vents has recently become a highly relevant issue to our modern society. Theo-
retical models of social fragmentation using the adaptive network framework
have been proposed and studied in earlier literature, which are known to either
converge to a homogeneous, well-connected network or fragment into many
disconnected subnetworks with distinct states. Here we introduced the diversi-
ties of behavioral attributes among social constituents and studied their effects
on social nefwork evolution We investisated mnsine a networked asent-hased
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Social Fragmentation Transition
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What We Did

Existing models in the literature assumed
behaviorally homogeneous, identical agents

Make the agents behaviorally heterogeneous
and see what happens




Model




Cultural Integration Model
(Yamanoi & Sayama, 2013)

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

Corporate culture

P ¢ o © Cultural distance
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Cultural space (e.g., m=2)



Cultural Propagation
(Dynamics on Networks)

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

v = (1 = 1)v; + 1505

00 05 10 15 20 25 30
Cultural Distance



Link Weight Updates

(Dynamics of Networks)

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

Wi = logistic(logit(wij) + rw)

° Link disappears if weight gets
too small (< 0.01)

«~— > 2 4

rejection acceptance



Demo

Python + NetworkX




Experiments



Behavioral Parameters

* Cultural tolerance d P, = (_) d
* Rate of cultural state change r, v, = (1 —(1)v; H1y,

* Rate of edge weight change r,, w;; - logistic(logit(w;;) +)



Experimental
Settings

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

Parametersd, r,, r,:

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)
=> |oss of cultural diversity
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Results



Effect of s.d. of d

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




Not So Much Effect of s.d. of r_orr,




Interactions on <CD>

s.d. of rg




Interactions on <SPL>




Regression Analysis of <CD>

<CD> ~1.87262 + 3.01908 ad + 2.97431 or, —2.72074 or,,
—8.95723 ad ors + 3.60938 ad or,, + 3.90939 o7 or,

Sum of Mecan

Squares df Square F Sig.
od 1782.60 1 1782.60 9797.94 p<.0001
o7 1847.26 | 1847.26 10153.30 p<.0001
Oy 445.64 | 445 .64 2449 42 p<.0001
od or 1474 .26 | 1474.26 8103.16 p<.0001
od ory, 239.38 | 239.38 1315.75 p<.0001
OFs Oly 280.83 | 280.83 1543.57 p<.0001
Error 3928.56 21593 0.18
Total 9998.54 21599




Regression Analysis of <SPL>

<SPL> ~2.31216—-0.624629 ad + 0.0989771 ors —0.178676 ar
—0.390949 ad ors + 0.35265 od or,, + 0.122775 ors ory

Sum of Mean

Squares df Square F Sig.
ad 253.02 1 253.02 58391.20 p<.0001
o' 0.64 1 0.64 148.78 p<.0001
0Ty 2.26 1 2.26 521.21 p<.0001
od ors 2.80 1 2.80 64691 p<.0001
ad o1y, 2.28 1 2.28 526.55 p<.0001
aVs OTy 0.28 1 0.28 63.83 p<.0001
Error 93.47 21571 0.00
Total 354.75 21577




Regression Analysis (Combined)

<CD> ~ 1.8726.01908 od I+ 2.97431 ars—2.72074 or,
—8.95723 od ors + 3.60938 od ory.+ 3.90939 or; ors,

<SPL> ~2.31216[=).624629 ad } 0.0989771 o7, — 0.178676 a7,
—0.390949 ad o7 + 0.35265 ad o1y + 0.122775 o7, o7y,




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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