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@ Interdependence shapes individuals and social structures
@ The economic literature focuses on:
o diffusion of practices, beliefs, values... (Durlauf and loannides
2010)

e influence on inequalities via individual behavior and choice:
(Saez 2021, Jackson 2024)

e unequal opportunities due to social connections (e.g., through
job referrals)

@ unequal access to information
o peer influence (norms and culture)

@ Epidemiological models have inspired few economic analyses
of diffusion and influence (Young 2009 on innovation, Jackson
and Yariv 2007 on diffusion, Shiller 2019 on narratives)
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A macro-social perspective

@ “Although social interactions models take sociological ideas
seriously, they fully preserve the purposeful, choice-based
formulation of individual decision making that is the hallmark
of modern economics. These models simply expand the
domain of factors that determine individual decisions.”
(Durlauf and loannides 2010)

@ Here the black box of individual decisions and strategies is for
the most part taken as given, and we study the social statistics
(inequality, mobility) induced by basic contagion parameters

@ Contagion models are useful to describe the impact of

interactions on how individuals thrive and how this shapes
society

Marc Fleurbaey, Jean-Luc Prigent Social contagion, inequality and mobility



Our contribution

@ Propose a variant of the SIR epidemiological model, involving
probabilities of social mobility induced by one-on-one
encounters

@ Propose a taxonomy of social interaction types based on the
probability parameters

@ Examine the properties of different interaction types in terms
of social welfare, inequalities, mobility

@ Introduce rational efforts to “meet the right people” and "do
one’s best” as variants of the model
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This presentation

o Although simple, the model does not lend itself easily to
analytical results

@ Only simulation results will be presented

@ Hopefully more will come at a later stage
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The model

Discrete time t = 0,1, ...

3 unequal levels of flourishing (H, M, L)
Ht + Mt + Lt =1

e Random one-on-one meetings between people (fixed number
of contacts s)

Each meeting has a probability of pushing an individual up or
down

The probability depends on the relative position of the parties
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Probabilities and proportions

e Probabilities: o™, a™ (when meeting a superior), 3+, 3~
(meeting an equal), v©,7~ (meeting an inferior)

@ Probability of a move in a meeting:

P =B Hi+~v My +~"Ls fora H
pit =atH, + M, + fyiLt for an M
p,+ =o' Hi+a"My+ BHL; foran L

Marc Fleurbaey, Jean-Luc Prigent Social contagion, inequality and mobility



Probabilities of transitions

@ Probability of a move after s meetings:

he =30 (1=p)" Pu=1-(1-pp)
+

my = 22:1 (1 ~ Pt — P;t)nil Pt = p{zi; A (1 - (1 — Pt — pn_ﬂt)s)
=X (- e) =1 (L p)
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@ The proportions H, M, L change accordingly:
He= Hea(1=hy) + Meam!

Me= Hethy+ Moo (1= miy—m ) + Lokt
Lt - Mt_]_m;_l + Lt_]_ (1 - Itt].)
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A remark about SIR models

@ The formula for m; simplifies into

s
_ _ -1 _ _
my = E : (1 - pmt)n Pmt = 1- (1 - pmt)s

n=1

for pme = Lev™.

@ Discrete-time SIR models (Giimiis 2022, Li and Eskandari
2023, Allen 1994, Kermack and McKendrick 1991) assume
instead that m; = sLyy~. This is valid only for continuous

time:
sAt

1—(1—-Ly™)

= sl.~~
At—0 At Sty
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A remark (cont'd)
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Existence of a steady state

@ The sequence (H, My, Lt) is defined by Ly =1 — Hy — M; and
a function
(Hh Mt) =f (Ht—b Mt—l) )
where f is continuous on a convex compact set

@ A fixed point of f (which exists by Brouwer’s theorem) is a
steady state

o If the matrix

1—hy my 0
T: = hy 1—mf —my I+
0 my 1—1F

were constant, the steady state would be unique and stable
(assuming non-zero diagonal cells). But more complex
dynamics are possible.
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@ The transition probabilities simplify into:

h~ [ H
mt | = | ot Bt A* M
I at at BT L

and L =1— H — M, so that the system

h~H=m™M
mM=I[TL
can be rewritten as :
(B~ =" )H+y")H= (o —=v*)H+ (Bt —v") M+~") M,
(a7 =y ) H+ (8" =7 )M+77) M=
((at =B*) (H+M)+8%) (1—H—M)
@ This system generates a quartic equation in M and a well

defined function H (M). A steady state in that case is defined
by a real root M such that H(M) € [0,1 — M].
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Competition: p(]) < p(1) only when meeting a lower class, and the
higher the person encountered, the worse the prospects (9 linear
orderings):

ot <pt<ytiaT > B >y <aT BT < >

Cooperation: p() < p(1) in all meetings, and the higher the person
encountered, the better the prospects (1 linear ordering):

a” <B <y <yt <pt<at
Attraction: p(}) < p(1) only when meeting a higher class, the opposite
when meeting a lower class (18 linear orderings):
at >t >qtiaT < <yt >aT T >

Homophily: p(}) < p(1) only when meeting an equal (76 linear
orderings):

BY>at /BT B <a,y
Diversity: p(}) < p(T) only when meeting another class (76 linear
orderings):

Y <ot AT, BT >a
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Competition vs. cooperation

@ The conventional view of competition is market trade, but it
is actually a mix of competition (on the same side of the
market) and cooperation (with the other side)

@ The conventional view of cooperation is collective
coordination and coalition formation, but it is again a mix:
cooperation within coalitions, competition between coalitions

@ Here competition is closer to tournaments in sports, or to
competition for promotion in organizations

@ Here cooperation is mutual support with unequal capacities
for help
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Parameter distributions

Based on a 1000-size random sample of parameters at, o~

Comparison of Competition and Cooperation Parameter Distributions
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Parameter distributions

Comparison of Cooperation and Attraction Parameter Distributions
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Parameter distributions

Comparison of Homophily and Diversity Parameter Distributions
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Representing social structure

(H,M,L)=(0.25,0.45,0.30)
L]
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Gini inequality
Assuming R = (1,0.5,0.1)
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Gini social welfare

Social welfare = Average individual welfare x (1 — Inequality index)
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Atkinson inequality for 0.5 and 2

(HR, ™"+ MRy LRI
i HR,+MRy+LR,
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Atkinson social welfare for 0.5 and 2
W = (HRI™ + MRy ™" + LR'™") ™7
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Mobility

@ Based on the transition matrix at the steady state:
Mbeterminant = 1 — |det (T)[*/?.
@ Based on leaps (transition matrix + welfare gap):
Mbifterence = (Hh™ + Mm™) (R — Rin)+(Mm™ + LIT) (R — R)).
e Based on opportunities (short term):

MOpportunities =
(H((1=h)Ry+ h Ry
+M(mM Ry + (1 —=m" —m™) Ry + m_R/)l_n

_1
FL(I R+ (1= 1) R)TT)
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Mobility (cont'd)

@ Long-term opportunities:

1
Mit-ope = (HOy ™" + MO+ LO} ") 77,

with
Oh Rh Oh Rh
Om - Rm +5 T Om = (I - BT/)_I Rm
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Examples: competition

1
at=0.0,a" =04, =02, =037 =03,y =0.1,5=2 at=001,a” =099, f* =002, =098, y* =003, 7~ =0.02, s=2
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Examples: cooperation
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a*t=06,a"=0.1,%=05"=027" =04,y =03,5=2 at=099,a”=001,* =098, =002, y* =097,y =0.03,5=2
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Examples: attraction
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Examples: homophily

1 1
at=01,a"=02,%=02,"=017" =01y =02,5=2 at=001,a” =099, f* =099, = =001, 7* =001,y =099, s=2
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Examples: diversity

1
a*t=02,a" =01, =01~ =02,7" =02,y =0.1,5=2 at=099,a”=001,p* =001, =099, 7* =099, 7~ =0.01,5=2
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Comparison of the examples
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Comparison on large samples

Competition, cooperation

1 0 1 0
L L
g 1
H 3 H !
P
.5
-
%
0 0
0 0
M M
1 + Competition | Cooperation

Marc Fleurbaey, Jean-Luc Prigent Social contagion, inequality and mobility



Comparison on large samples

Homophily, diversity

f Homophily 1 +  Diversity
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Comparison on large samples

Attraction (high H, high L)
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Comparison of social indicators
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Comparison (cont'd)
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When competition dominates cooperation
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Comparison of social indicators
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Comparison (cont'd)
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Comparison of social indicators
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Comparison (cont'd)

045 Autraction (high H) + Autraction (high H)
Attraction (high L) 30 ction (high L) .
040
035 525 i
3 i
£ 030
S 025

020
[NEE I RS
s R 10 -
od * G
5 4

005

02 04 06 08 02 04 06 08 10

Opporwnities (7=2)

Atkinson social welfare (7=2)

equality and mobility

Marc Fleurbaey, Jea




Comparison of social indicators
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Comparison of social indicators
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Comparison of social indicators
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Pathways: competition

1 1
at=0.0,a" =04, =02, =037 =03,y =0.1,5=2 at=001,a”=0.04,* =002, =003, 7* =003, 7~ =0.01,5=2
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Pathways: cooperation

1 1
a*t=06,a"=0.1,%=05"=027" =04,y =03,5=2 at=0.06,a”=001,p* =005~ =002 y* =004,y =0.03,5=2
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Pathways: Attraction

1 1

a*t=06,a"=02.* =02/~

*=02,77=0.6,5=2 at=0.03,a”=001,p*=001,4"=001,7* =001,y =003, 5=2
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Pathways: Attraction

1
at=0.099,a= =0.001, f+ =0.001, f~ =0.001, y * =0.001, y~ =0.099, s =2
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Pathways: attraction

a*=0.099, @ =0.001, #* =0.001, f~ =0.001,7* =0.001, 7~ =0.099,
=2, Tnit =(0.490,0.021, 0.489)
10 10
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Increasing social contacts
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Increasing social contacts: attraction
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Increasing social contacts: comparisons
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Increasing social contacts: comparisons
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Increasing social contacts: comparisons
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Increasing social contacts: competition

at=0.1,a”=04,7=0.2,"=03,y" =03,y =0.1

0.6 1

0.4

0.2

0.0

0 20 40 60 80 100
Social contacts

Marc Fleurbaey, Jean-Luc Prigent Social contagion, inequality and mobility



Increasing social contacts
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Class meeting preferences

@ Let 7 denote the probability for someone in class i to meet
someone from class j.

o Consistency requires that for each class i,j = h,m, I:
P,"/T,'j = Pj?Tj,',

where P;, P; denote the proportions of classes /,j in the
population.

@ We assume descending priority in the choice of contacts.
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@ Class h chooses the full vector mwpp, Thm, 7hi, determining

H
Tmh = Mﬂ'hm

H
Tih = 7 Thi
@ Class m chooses only 7pm, Tm,determining
M
Tim = Tﬂ'mla

@ Class / has no choice left, since
H M

T =1——7p — o Tmi-

L

Social contagion, inequality and mobility
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Dynamics and choice

@ The new shock probabilities are:

Py B+~ (L —7hp)
Pi = ai'ﬂmh + Bi'ﬂmm + in (1 — Tmh — 7rmm)
P at (mm + mim) + BTy

@ Individual in class i = h, m, I has utility
Ui (py P i) = € (in = H, i — M)

where
Rp

Ui (ph_vpiap/—‘r) = Oi = (I - BT/),_I Rm
Ri

C(Tl','h — H77T,'m — M) =
<
2
with a parameter ¢ such that choices are interior.

[(ﬂ'ih — H)2 + (7im — M)2 + (min— H+ Tim — M)Z]
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Competition

Competition: (a*.a‘,ﬁﬂ“B_,'ﬁ,"‘/_) = (0.1,0.4,0.2,0.3,0.3,0.1)

’ Percentages ‘ H ‘ M ‘ L ‘
Benchmark 30.7 | 28.2 | 41.1
New distribution | 33.9 | 24.7 | 41.3

Th, 8.4 | 37.5 | b4.1

Tm. 514 | 21 | 46.5

. 446 | 28.0 | 27.4
¥ -

| Py | P | P | P ]
Benchmark 16.1 | 21.0 | 24.8 | 14.1
New situation | 11.7 | 19.5 | 25.8 | 12.8

Marc Fleurbaey, Jean-Luc Prigent Social contagion, inequality and mobility



Cooperation

Cooperation: (a*,a'_.“8+,/3_.ﬂ,f+,'y_) = (0.6,0.1,0.5,0.2,0.4,0.3)

’ Percentages ‘ H ‘ M ‘ L ‘
Benchmark 576 | 343 | 8.1
New distribution | 58.1 | 33.1 | 8.8

Th, 73.0 | 256 | 1.4
Trm. 450 | 52.8 | 2.3
., 9.8 | 94 | 80.9

IENEA N
Benchmark 242 | 549 | 15.0 | 59.2

New situation | 22.7 | 54.3 | 15.7 | 51.7
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Attraction

Attraction: (a*,a™,8", 87 ,7",77) =(0.3,0.1,0.1,0.1,0.1,0.3)

’ Percentages ‘ H ‘ M ‘ L ‘
Benchmark 275 | 451 | 27.5
New distribution | 29.8 | 41.1 | 29.1

Th. 56.1 | 27.9 | 16.0
Tm. 203 | 785 | 1.2
., 174 ] 1.8 | 80.8

IENEA N
Benchmark 245 | 155 | 1565 | 245

New situation | 18.8 | 14.1 | 10.2 | 13.6
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Homophily

Homophily: (a*,a~,8%,87,7",7") =(0.1,0.2,0.2,0.1,0.1,0.2)

’ Percentages ‘ H ‘ M ‘ L ‘
Benchmark 25.8 | 35.6 | 38.6
New distribution | 41.5 | 35.2 | 23.3

Th. 66.5 | 22.7 | 10.8

Trm. 268 | 727 | 0.5

., 116 | 0.5 | 87.9
+

IENEA N
Benchmark 174 | 136 | 16.4 | 13.9

New situation | 13.4 | 17.3 | 12.7 | 18.0
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Diversity

Diversity: (a*,a‘,ﬂ*.ﬂ_,'y*,'y‘) = (0.2,0.1,0.1,0.2,0.2,0.1)

’ Percentages ‘ H ‘ M ‘ L ‘
Benchmark 38.6 | 35.6 | 25.8
New distribution | 50.0 | 36.1 | 13.9

T, 27.8 | 472 | 25.0

Tm 65.4 | 49 | 29.7

T 485 | 415 | 10.1
+

IENEA N
Benchmark 139 | 164 | 13.6 | 17.4

New situation | 12.8 | 19.5 | 10.5 | 26.7
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Efforts to improve one's chances

@ Each class i has its own probabilities o; ,ﬁ, ,7, , altering the
probability matrix as follows:

O T
P = (& /Bm Ym
af aof B

o Utility
Ur (ph P pi7) = € (0 — a5 = B%.5 =)

with c
2
( /7181771) 2 Z (Xf—X) .
X= O‘, 75, 77
¢ chosen such that the solution remains interior but
nevertheless comes close to a corner solution
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[llustration with competition

| Class distribution | H | M | L |
Benchmark 30.7 | 28.2 | 41.1
New distribution | 41.9 | 26.1 | 32.0

]Transition probabilities\ Py \ P \ P \ p; ‘

Benchmark 161 | 21.0 | 248 | 14.1
New situation 10.8 | 21.6 | 25.8 | 17.7
Shock probabilities at | BT AT | a | BT | AT
Benchmark 10 20 30 40 30 10
By Y 239 |15
al B v, B Ym | 13.1 1 21.9 | 32.4 | 37.6 | 28.5 | 8.2
of, Bf 154 | 225
| Utilities | H | M | L |

With zero efforts | 18.0 | 16.4 | 15.0
With efforts 19.0 | 185 | 17.0
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Introducing externalities

O T
af of B
a$+a,+—2a+ aﬁ,+a7‘—2a+ af,“,+a7r—2a+
+| F(v—v el —at) F(v - o —at) F(v -, ol —af)
Yy +Vm — 277 Y tAm — 297 Yy +UYm — 277
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[llustration with competition

| Class distribution | H | M | L |
Benchmark 30.7 | 28.2 | 41.1
New distribution | 31.5 | 26.5 | 42.0

]Transition probabilities\ Py \ P \ P \ p; ‘

Benchmark 16.1 | 21.0 | 24.8 | 14.1
New situation 126 | 18.3 | 28.5 | 14.9
Shock probabilities at | BT AT | a | BT | AT
Benchmark 10 20 30 40 30 10
By Y 26.1 | 1.6
al B vt B Ym | 12.6 | 22.1 | 33.4 | 38.3 | 28.6 | 7.8
of, Bf 15.6 | 24.0
| Utilities | H | M | L |

With zero efforts | 18.0 | 16.4 | 15.0
With efforts 16.7 | 15.7 | 14.1
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[llustration with cooperation

| Class distribution | H | M [ L |

Benchmark 576 | 343 | 8.1
New distribution | 66.5 | 26.4 | 7.1
] Transition probabilities \ Py \ P \ P \ p; ‘
Benchmark 242 | 549 | 15.0 | 59.2
New situation 147 | 546 | 11.4 | b7.4
Shock probabilities at | BT AT o | B | 7
Benchmark 60 50 40 10 20 30
By Yy 3.8 | 21.8
al B v, By Ym | 63.6 | 51.4 | 40.4 | 1.6 | 16.6 | 29.1
of, B 61.9 | 50.1
| Utilities | H | M | L |
With zero efforts | 25.5 | 24.9 | 24.2
With efforts 26.2 | 26.7 | 26.3
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Conclusion

@ This model can be part of a toolkit and can be enriched in
variants (microfoundation of meetings and institutions,
clusters...)

@ The taxonomy sheds new light on competition and
cooperation, homophily, etc. and this can help designing
institutions that implement these interaction types

@ Cooperation enhances average welfare, reduces inequality,
boosts mobility, reduces the harm of efforts to do one's best

@ Homophily, compared to diversity, reduces opportunities to
meet helpers, but may be advantageous for average welfare,
inequality and mobility (except pure transition mobility) when
the benefits of meeting an equal are high
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Conclusion (cont'd)

@ The model generally has a unique stable steady state, but
attraction offers the possibility of near-miss convergence

@ Social contacts have non-linear effects on the social structure
o Efforts to meet the right people pay off at the individual level

but may fail to change the social structure, when the "right
people” are sought after by all classes

o Efforts to do one's best may have negative externalities on
others—but even in this respect, competition and cooperation
seem to differ
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