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Catching up with big fish in the big pond?

Catching up with big fish in the big pond? Multi-level network
analysis through linked design

Emmanuel Lazega, Marie-Thérese Jourda, Lise Mounier, Rafaél
Stofer

Social Networks, 30:2, 159-176 (2008)

o "Elite", of French cancer researchers at the end of 1990s

e Among the 168 researchers, 128 persons (76%) accepted an
interview

o Description of researchers : age, speciality, laboratory,
performance, status

e Description of lab : city, # researchers,
@ Inter-individual connections

@ Inter-lab connections
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Researchers’ network




Few remarks on the data

o Hierarchical: Labs/Researchers
e Graph

@ Sparse

@ Missing data

@ Not bipartite graph

F1F10F11F12F13 F2 F3 F4 F5 F6 F7 F8 F9
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Fish/Pond

Small/big fish : Indegree centrality
Small/big pond

o indegree centrality in inter-organizational networks
o outdegree (indicating the potential resources to which its
director declares having access)

@ size

A laboratory is a "big pond" if its values were above the median for
at least two of these criteria.

Big Fish in a Big Pond : researcher’s indegree centrality must be
higher than 5.2, that of the laboratory higher than 2.75 ; the
laboratory’s outdegree must be higher than 2 and its size higher
than 26 researchers.
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Stochastic Block Model (Nowicki and Snijders, 2001)

Z; = q: vertex i belongs to class q (Q classes). Ties are independent
given the class memberships.

XijllZi=q,Z; =1} ~ B(ng)

Mixture model for graphs: X;; ~ 3@ ZQzlaanQB(nql)

g=1%1

Computations are performed by wmixnet

estimation of o’s, m’s and latent group (probability of
appartenance).
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SBM without covariates on Researcher network

@ 4 groups selected (group # community).
e Study on fully observed data = 95 researchers (from 76 labs).

e Groups are not clearly linked to specialities.

Gl G2 G3 G4 | Sums
Small Fish 8 0 4 33 45
BigFish | 16 12 17 5 50
Sums | 24 12 21 38 95
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0.08 0.08 0.01 0.00
0.21 0.32 0.17 0.06
0.01 0.08 0.36 0.05
0.01 0.02 0.04 0.04

=)
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Figure: Researcher-Network with 4  Figure: Meta-Researcher-network
groups (edge displayed if m = 0.1)
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Stochastic Block Model with covariates

Z; = q: vertex i belongs to class q (Q classes)

XijllZi=q,2; =1} ~ B(ng)

Covariates can be included, in that case :

Xijl{Zi=q,Z;=1,Vij} ~ B(gHg1+Py1 Vi)
where g(x) = (1 +exp(-x))~! and p may depend on g and .

Mixture model for graphs: X; j ~ >Q Z?:lqucxl@(g(pql +B,"Vij)

q=1

In SBM, Ties are independent given the class memberships.
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SBM with covariates on Researcher network

e with 5 covariates (describing edge or vertices: sender —
receiver):

@ Same speciality (0/1),
@ Status of the sender (1/0: Director/not director),
@ Status of the receiver (1/0: Director/not director),
© Lab relation (0/1): sender’s lab — receiver’s lab,
@ Lab relation (0/1): receiver’s lab — sender’s lab.
@ Lab network level is taken into account thanks to the
covariates !

o Performance is not selected as a relevant covariate to explain
edges.

@ [ does not depend on groups.

XijlZi=q,Z;j=1,Vij} ~ B(gg + P Vi)
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SBM with covariates on Researcher network: results

@ 3 groups selected

Spe StatS StatR LabS->R LabR->S
ﬁz (1.16 033  0.27 1.75 1.71)

o Lab effect is larger than Status effect

@ no directional effect
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Gl G2 G3 | Sums

Small Fish | 16 0 5 21

SmallPond  “piopicn | 3 2 11 16
. SmallFish | 24 0 2 26
Big Pond BigFish | 12 8 12 32
Sums 55 10 30 95

Groups obtained in SBM with covariates are quite different from groups in
SBM without covariates.
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Gl G2 G3 | Sums

Small Fish | 16 0 5 21

SmallPond = “piopicn | 3 2 11 16
. SmallFish | 24 0 2 26
Big Pond BigFish | 12 8 12 32
Sums 55 10 30 95

“Average connections” ‘

0.03 0.06 0.02
0.04 0.53 0.06
0.02 0.05 0.19

Figure: Meta-Researcher-network
(edge displayed if 1 = 0.05)
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SBM conclusions

3 researchers groups selected
(sizes : 55 - 10 - 30).

Relevant covariates to explain edges:

e same speciality,
o Status (R&S),
o Lab links.

@ Performance is NOT relevant.

Posterior proba to be in a given group are mostly close to 99%.
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Multiplex: model

Vi, j)edl,...n} i # ], V(5i),8]) € 0,1},
d;j: researcher’s connections
6’1. it lab’s connections

8,8, (1-8:)8); 5:;1-8) (1-8;)(1-5})
! ! ij LIV Ly i L i
PXij=0i,X;;=8;;) = 5,8, = Ty "oy BT g, 7

where Moo + 11 + o1 + 719 = 1.

P(Xij=0;;) = (m10 +m11)°" (g0 + mo1) 7).

ofF =@y

!/ !
PXij=0:j1X;; = 0;) = Mg +T Mg +T
1,8, +To,5 1,5, + Mo,/

Components of (X; j,X’i].) are independent if and only if

TpoTT
log(nfgngl) =0 © o711 = M10701-
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Multiplex: estimation

Maximum likelihood estimates:

o Soo - So1 . S10 o Su
O wm- " am-n’ Y am-1n Y -1
Soo, = Xijizi(1-Xi)A =X, Sor = XijizjA-Xi)X,
Sio = Zi,ji¢jxij(1—X;-j)y Snu = Zi,ji;éjxijx/ij-
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Multiplex stochastic block model

0;;0;; (1-8;))8;; 8;;(1=8;;) (1-6;)(1-5;))

—8..vx' _& _ —
PXij=8ij,X;;=0;;) = T8, =T Tor Mo oo
8. s 7. L _ ql
I]J’(Xij—S,],Xij—SijIZl =q,Zj=1) = 7[6”'6;7
1,6;:8. 1,(1-8;)0". 1.8;i(1-8". [,(1-6; )
— (T[iil) ij l](_n_gl)( ij) l](ni’()) ij( ”)(n_go)( ij
PZi=q) = aq

where Y2 a,=1and V(q, D) e{l,...Q0% ¥ + n 4+ g9 4+ 79 =1,
q=1%q q 00 T Ty 7oy T T
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Multiplex stochastic block model

Introduction of covariates:

l
logitn?’ _, =p? +@®! )Tyij
6 3 51 5T Wa ok Y

but the number of parameters drastically increases

For n large or large number of groups (Q), likelihood is not
tractable: variational EM to maximize likelihood (= like
SBM)

@ Multivariate (K >2) Bernouilli.

Number of groups chosen with penalized likelihood.
Penalization:

_% {Q*2* - Dlog(Kn(n-1)) +(Q-1)logn} .
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Application to social network: marginals

PR marginal pL marginal

o @ @ =
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Application to social network: Researchers

PR marginal

@ @

PR conditional to L=0 PR conditional to L=1
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Application to social network: Labs

pL marginal

@ ©

pL conditional to R=0 pL conditional to R=1
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What about the groups?

PerformanFe1 < 28.56

Performance1< 18.17

specialities=ef

2

4

Laboratory.size< 16

Laborato

.Size>=37
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On going work: Wikipedia

Aicle | Discussion

Lire  Modifier Modifier le code Afficher Ihistorique Q
7 Barbillon
Wik TA
Lencyclopédie libre o€ Cette page d! ie répertorie les différents sujets et articles partageant un méme nom
Barbillon est un terme danatomie qui sert & désigner des excroissances
Accueil
Porails thématiques sommaite frosase]
Index alphabétique P
Article au hasard N
20iseaux
Contacter Wikipédia .
3 Mammiféres
~ Contriouer 4Voiraussi
Premiers pas 41 Liens extemes
Aide
Communauté Poi
Modifications oissons
récentes
—— Chez certains poissons, ce sont des filaments tactiles mous et sensibles, placés de chaque cots de leur bouche
Y e —— Clest aussi un nom local (par exemple dans le Loiret) pour le barbeau.
» Outils Qiseaux i~

Les barbillons sont des appendices chamus qui tombent de chague cté de Ia téte de certains gallinacés. C'est aussi une maladie de Iz langue de
certains rapaces

Mammiféres -

Ce sont des replis membraneux placés sous la langue du cheval ou des bovidés et destins 4 faciliter les mouvements de celle-ci

Voir aussi ;-

Liens externes | mooitier | mosifies

+ Définitions lexicographiques & et étymologiques & de « Barbillon » du TLFi, sur le site du CNRTL.

Lrvemarer] | @] L[ © O =[€ e 0|67 W]
32 links

J =P @ (€5 2t07

Avner Ba




On going work: Wikipedia

W Barbilon : Historique des ver X

€ C' [ fr.wikipedia.org/w/index.php?title=Ba

illon&action=history ~

Créerun compte & Connexion

/el
G AR
W

f Q Article ' Discussion Lire Modifier Modifier le code  Aficher historique Q
Vo o

Nl . . . .

= Barbillon : Historique des versions
‘WIKIPEDIA = q
KD or s cpératns sur cete page
Naviguer dans Ihistoique

Accueil

Portalls hématiques A parir de année (et précédentes) - 013 2 A parti du mois (et précedents) - [lows =] Fiver les balises [ | LLister
Index aiphabétique
Article au hasard

Outils extemes et statistiques
Contacte

kipédia Liste des auteurs - Rechercher lauteur dun passage de larticle - - Consultations - Nombre de

qui suivent cette page
~ Contribuer Autres discussions [liste]

Premiers pas Suppression - Neutralité - Droit dauteur - Artcle de qualité - Bon article - Lumiére sur - A faire
Aide

Communauté
Hodifications

Faire un don Comparer les versions sélectionnées

Archives - Traduction

Légende - (actu) = difirence avec la version actuelle - (dif = difirence avec Ia version précédente - m = modification mineure

» outis o {actu | i) @ 16 favrier 2012 2 16:20 90.19.57 96 (discuter) . . 1 042 octts)(+94) . . (~Poissons - nom local (par exemple dans le Loiret) pour le barbeau) (annuler)
~ Langues o o {actu | dif) © 1 octobre 20113 1031 DSisyphBot (discuter | contributions) m . . (849 scs) (+15) . . (Bot, remplace modile obsoléte) (annuler)

o (actu ] i) € 9mai 2011 14:29 Bsern (discuter | contributions) . . (s2¢ oces) (49) . . (LiveRC

Révocation des modifications de 194.254.62.85 (retour a la demiére version de Gédé))
(annuler)

o (actu|dif) © 9 mai2011414:29 194.254 62 85 (discuter) . . (ss:
o (actu | i) © 27 mars 20112 19:32 Géds (discuter | contributions)

(—Poissons) (annuler)

s - + photo) (annuler)

o (actu | dify © 8 mars 2010 & 19:10 ZetudBot (discuter | contributions) m - . €2 octets) (+1) . . (—Oiseaux - Orth., replaced: chaque coté — chaque c6t¢ (annuler)

o (actu | dif) © 11 décembre 2009 4 00:19 ZetudBot (discuter | contributions) m

(~Mammiféres : Typo., Replaced: celle ci. — celle-.) (annuler)

o (actu | dif) © 9 juillet 2009 2 09:32 HerculeBot (discuter | contributions) m . . 62 octess) (+25) . . (ajout de {{Portaillomithologie}j) (annuler)

o (actu|dif) © 3 mars 2009 & 17:53 MirgolthBot (discuter | contributions) m . . 37 cctes)

Eoemore] | @] 2] © © @16 @ 06| 8]

477 users (including 325 that contribute for only one of the 32
articles)

(Majuscule pour les catégories) (annuler)

JFRHz P8 (% 262
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On going work: Wikipedia

Wikipedia: Barbillon
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On going work: Collective experience in a rugby team

Is collective experience important for a rugby match
e number of common selection for each pairs of players
@ National club for each players

@ Opponents, results of the match
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On going work: Collective experience in a rugby team

Holders in 2013 (with more than one selection)

Communities

TAOMEENUA
S,

afffiox
vac¥aup affer
@
rofds OUEDRAOGO Y
rorfrEr ol RCAVOLES @ 1

vanA@iemNa Hffy MERMOZ 7/
TRINH-DBEOMINGO
‘ OZARZEWSKIA RRA GURADO
~vifca
K‘R cLerc MAS DUSAUTOIR PHeRBroN

C]‘.'_Y

MEDARD BASTAREAUD

DOUSSAIN
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Arising questions

@ What is the sensitivity of the SBM grouping method if

e anew edge appears in the graph ?
e aresearcher’s lab changes ?

o Are we able to detect the edge that should be set to maximize a
criterion such that the mean performance of the researchers,
the maximum performance...

o Scalability

Avner Bar-Hen, Pierre Barbillon, Sophie Donnet Multiplex stochastic bloc model for social networks



Thank you for your attention (and your questions)
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Variational EM

Since X;;[{Z; = q,Z = I} ~ B(n,;) we have
Xij ~Zo 28 aqouBng)

Let 0 = (1;, «;). We are looking

A

0= argmeaxloglP(X, 0)
but P(X,0) = Y yP(X,Z,0) is not tractable.
Classical decomposition(E-M trick)
logP(X;0) =logP(X,Z;0) —logP(Z|X;0)

E(logP(X;0)X) =logP(X;0) = E(logP (X, Z;0)|X) — E(logP(Z|X; 0)|X)
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Variational EM

logP(X;0) = E(logP(X,Z;0)|X) — E(logP(ZIX; 0)|X)

@ E-step: Calculation of P(Z|X; é) (difficult: forward-backward
recursion)
o M-step: maxgE(logP(X,Z;0)|X) (similar to MLE)

Variational approximation: replace P(Z|X; 0) with approximate
distribution Q(Z) (Q(z) within a class of "good" distribution)
For any Q(z)
logP(X;0) = logP(X;0)—-KL(Q(2),P(ZIX)) (1)
= [Eq(ogP(X,Z;0)) —Eq(logQ(2)) )

@ M-step: argmaxg Eq+ (logP(X,Z;0))
o E-step: Replace calculation of P(Z|X;0) with the search of

* = inKL(Q(Z),P(ZIX
Q arggl(lzr)l (Q@),P(ZIX))
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Variational EM

For any Q(z)

v

logP(X;0) = logP(X;0)—KL(Q(Z),P(ZIX)) 3)
Eq(logP(X,Z;8)) — Eq (logQ(2)) 4

Q(Z) within the set of factorisable distributions, ie
Q(Z;,Z;) = Q(Z;)Q(Z;) (mean field approximation)

Fast to compute but not ML estimates...
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