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Social isolation is caused by the impoverishment of community (atomism) and fragmentation is caused by the
enlargement of in-group (mobism), both of which can be viewed as social problems related to communication.
To solve these problems, the philosophical world has proposed the concept of “mixbiotic society,” in which
individuals with freedom and diverse values mix and mingle to recognize their respective “fundamental
incapability” each other and sublimate into solidarity. Based on this concept, this study proposes new mixbiotic
society measures to evaluate dynamic communication patterns, replacing the conventional static social
network analysis, with reference to classification in cellular automata and particle reaction—diffusion that
simulate living phenomena. Specifically, the hypothesis of measures corresponding to the four classes was
formulated, and the hypothesis was validated by simulating the generation and disappearance of
communication. As a result, considering communication patterns as multidimensional vectors, it found that
the mean of Euclidean distance for “mobism,” the variance of the relative change in distance for “atomism,”
the composite measure that multiplies the mean and variance of cosine similarity for “mixism,” which
corresponds to the well-going of mixbiotic society, and the almost zero measures for “nihilism,” are suitable.
Then, evaluating seven real-society datasets using these measures, we showed that the mixism measure is
useful for assessing the livingness of communication, and that it is possible to typify communities based on
plural measures. The measures established in thisstudy are superior to conventional analysis in that they can
evaluate dynamic patterns, they are simple to calculate, and their meanings are easy to interpret. As a future
development, in conjunction with additional validation with various data sets, the mixbiotic society measures
will be used to analyze issues of isolation and fragmentation, aswell as in the fields of digital democracy and
platform cooperativism, toward a desirable society.
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Table 1. Hypotheses for mixbiotic society measures.
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Fig 2. Network formation results. (A) WS model. (B) BA model.
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Table 2. Network graph features of WS model and BA model.

WS model BA model
Vertex count 100 100
Edge count 200 197
Diameter 7 5
Mean distance 3.62 3.00
Density 0.0404 0.0398
Mean Clustering Coefficient 0.059 0.118
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Fig 3. Examples of communication patterns. (A) WS model: g = 0.4,d = 0.3,t = 30. (B) t = 31. (C) BA
model: g =0.8,d =0.6,t =70. (D) t =71.
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Fig 4. Calculation results on WS model for hypotheses of mixbiotic society measures. (A) Mean p; of change
in total information amount. (B) Variance ;2. (C) Mean u, of Euclidean distance. (D) Variance o,2. (E)
Mean ;. of relative change in Euclidean distance. (F) Variance o;5%. (G) Mean us of cosine similarity.
(H) Variance o2
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Fig 5. Calculation results on BA model for hypotheses of mixbiotic society measures. (A) Mean pu; of change
in total information amount. (B) Variance a,%. (C) Mean yu, of Euclidean distance. (D) Variance o,2. (E)
Mean u,r of relative change in Euclidean distance. (F) Variance o,z (G) Mean ug of cosine similarity.
(H) Variance o2
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Fig 6. Calculation results for composite measure ug - ag? of mixism. (A) WS model. (B) BA model.
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Fig 7. Phase diagram of mixbiotic society measures. (A) WS model. (B) BA model.
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Fig 8. Communication trajectories in four phases: nihilism, atomism, mixism, and mobism. (A)—(D) WS model.
(E)-(H) BA model.

B, MEEZ AW -y NU—2 FD a3 a=tb—3 g 0 82— OEDMRIL, BAEHS
OB EZRRANCIRZ D bDOE LTARTHLILEEZOND, ULEDOK 4 HK 8 £ TO R
PESEZ T, R2IORLIAGREZ RE L, O THRELZBEAHSHEEAEIICELDTEL,



#3 alaz=ks—varDiIal—ia IlESWTEHRES RS

Table 3. Mixbiotic society measures reset based on communication simulations.

Phase/class Meaning Formula Feature

Nihilism All small value Mgtom mixmob = 0 Static and silent

Large relative difference

Atomism of distance Mytom = 0152 Sporadic and isolate
.. Balance of similarity . .
Mixism and dissimilarity My = Us * 05> Living and cyclic
Mobism Large distance Mpop = Up Chaotic or uniform
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Table 2. Network graph features of seven datasets.

High school Primary school Workplace Village Conference co(r)nrrlrllll?rit Email
[60,61] [63, 64] [65, 66] [67,68] [69,70] (71 72]y [73,74]
Vertex count 327 242 217 86 113 1,899 1,891
Edge count 5,818 8,317 4,274 347 2,498 22,195 5,598
Diameter 4 3 5 0 3 0 0
Mean distance 2.159 1.732 1.882 0 1.656 0 0
Density 0.1092 0.2852 0.1824 0.0949 0.3470 0.0077 0.0025
Mean
Clustering 0.504 0.526 0.381 0.527 0.535 0.109 0.209
Coefficient
teount 188,508 125,773 78,439 102,293 20,818 61,734 39,264
tonax 7,375 3,100 18,488 43,438 5,246 60,774 21,751

#5 X, KA SANT/R LB LN > THREZFHE Lk R4 /87, £ 51213,
H#D7-5 WS EFLEBAEFADIFIALDIE(KEC &L 8G LA Lg=04d=03D%H4E
FHEETZ, K9 T, 40T snkd, WA 0L LT, WSET/VE G RV E HEN
) L G LA ROEHEWRE) | A TS ala=T o lELANL BRODEHEVWE) O
6 S>EHY LIFC, L—F—Fr— &V, ZOF¥r— FTiE, BT Enn, FHEH OHK
IR Z O THB L L T 5,
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Table 5. Calculation results on seven datasets for mixbiotic society measures.

WS.m'odel BAvm'odel High Primary Workplace Village Conference Onlme. Email
mixism mixism school school community
U 0.0152 0.0253 0.0213 0.0546 0.0118 0.0176 0.0234 0.0000 0.0014
a,? 0.0002 0.0004 0.0004 0.0021 0.0002 0.0004 0.0009 0.0000 0.0000
a 0.3300 0.4253 0.3266 0.6673 0.1560 0.1506 02171 0.0411 0.0750
(M)
a.? 0.0113 0.0164 0.0133 0.0254 0.0091 0.0130 0.0235 0.0002 0.0109
Uir 0.7682 0.7916 0.7394 0.9128 0.8151 0.6463 0.7954 1.2431 1.6112
2
OLR 0.0672 0.0515 0.0253 0.0236 0.2070 0.2652 0.2648 0.1716 4.1790
(Matom)
Us 0.7032 0.6865 0.7287 0.5933 0.6439 0.7158 0.6431 0.1594 0.1573
s’ 0.0210 0.0187 0.0108 0.0114 0.0722 0.0864 0.0860 0.0931 0.0636
L2
!(llf/l 05) 0.0149 0.0130 0.0078 0.0067 0.0465 0.0619 0.0553 0.0148 0.0100
mix
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Fig 9. Rader chart of calculation results for mixbiotic society measures.
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Fig 10. Communication trajectories. (A) High school. (B) Primary school. (C) Workplace. (D) Village. (E)
Online community. (F) Email.
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