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0.2) The Novelty of this Paper

0 Stress the role of the structure of social networks in explaining individual
behaviour, from a conceptual point of view

Social networks === Individual behaviour

@ Build a theoretical model of peer effects that envisions group influence as
an equilibrium outcome, from a more operational point of view

Nash equilibrium Katz-Bonacich centrality

€ Conduct a direct empirical test of the model using a detailed dataset on the
friendship networks, Add Health, with particular attention to the relevant
econometric problems
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11) Networks

N = {1, ..., n}1s a finite set of agents

network g G =[gi/]
1 if i and j are direct friends
8ij = {

0, otherwise

gii =0 8ij = &ji
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12) Preference

2 |
ui(y’, z; 8) 60, y; — > () |Hrgizi — 52,2 +¢’ng;<?ij d >0 u>0
j=1

0:(x) = Zﬁmxl + — ZZWUJ

m,l_;l

gi = Z;‘le gij 18 the number of direct links of individual i

x;" is a set of M variables accounting for observable differences

%u; (y°, z; g)
dz;0Z;

=¢gij >0 I # ]



i@ Katz-Bonacich Centrality

+00
b(g, ¢) = $G1+ ¢’G’1 + ¢’G’1 4 .. = > "¢*G* . (¢G1) ,
k=
b(g, ¢) = A—¢G) " - (¢G1) U (6= Z BisBsj
s=1

G* gives the number of paths of length kK in g between i and j

G*1 give the total number of paths of length k that emanate from the

corresponding network node

¢m(g) < | Denote by w(g) the largest eigenvalue of the adjacency matrix G = [g,-j] of the network
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network g G =[gi]
1 5 1 -
ui(y’, z; 8) = 0; y; — 5 (/) + ngizi — Ezf +¢ Y 8ijziz;
j=1

+00
b(g. ¢) = $G1 + ¢*’G’1 + ¢’G’1+ .- =) ¢*G* - (¢G1)
k=0

= (I—-¢G) ™' - (¢G1) pw(g) < |



14) Equilibrium

1 2 I e
max,o {u(y z,8) =0;y; ——(}’?) +M8£Zf——2?+¢zguzf‘z;}

2 2 :
j=I1
i x) =6 (x) = Z Bl + Z Zy,,,;,u
m=1 m=1 j=I
n = uG1 + ¢Gz*
Z; (8) = pgi +¢?ZH:';Z; — 27 (g) = b (8, ¢)
j=1

Vxg= yrm + zf (@ —Zﬁmx, +— ZZVmgux +¢h (g, 9)

M._.,.,._.xn_..v._.-f

idiosyncratic  peer effect "' ] 8i e 1 j=I1



15) A more general model

1
A more general utility function: ©;(Z) = «;z; + Eaiiziz + Zaijzizj Yy — [Uij]-
JFi

Decomposition of the interaction matrix: pI— —ﬁl — )/J + )\.G

2[1 "] ,:F j G = [g;]

0 - 1 1 - 1
+00

u-weighed Katz-Bonacich centrality: Wu (g, @) = (I—aG™)u=) a"G"u
p=0
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" B+ ywi (g AP

*

Equilibrium: o« = «al

w1 (g, A/P)



Part Data and Empirical Analysis



2.1

Database

The Add Health Database

Define Friendship Networks

Sample

- 90118

» 90,118 students ( grades 7-12 ) == 20,745
» From 130 schools
» inyears 1994-1995

» questionnaire

assume that friendship relationships are reciprocal

20,745 11’964 |

199 Networks



2.2

Number of networks

Descriptive evidence
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The empirical distribution of adolescent networks
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FIGURE 2

Smallest network of adolescents (n = 16)
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23) Empirical Strategy

\__

Proposition 1. Suppose that ¢w(g) < 1.

uniquely defined and given by:

yi (X,8) =

(%) = 0; (x) = Zﬁm X+ — ZZymgU

8i
m=1

m=1 j=l1

0
i (%) + 77 (@)
W
idiosy ncratic

N —’
peer effect

z; (8) = ugi +¢Zgij2j

j=1

Traditional Regression Model Yix =

M

Zﬁm zx_l__zzymguﬂ“x_;x

!l

m=1 i=1

Spatial Error Model

J=1

Eix = NU&ix + @ E 8ijk€jk T Vil =1, ...,

Then, the individual equilibrium outcome is

+ n.lc —I_ 81-,1(1

nyk=1,..

?K'}



24) |dentification of Peer Effects

e Endogenous Sorting

Network-fixed effects: Indicators:

self-esteem

physical development
motivation in education
parental care
school-fixed effects

M
, . E : m
Vi = ﬁm'rf,r( +

M ng

] - .

E E Vm8ijxXj HMi [+ Ei .
— i —
m=1 m=1 j=I

e Reflection Problem (Manski, 1993)

Individual peer groups variation:

Proposition 2. Suppose that pw(g) < 1 and (1 # 0. Peer effects are identified if and only
z'fgi[z] /gi # g&z]/gj for at least two agents i and j.

2 . G g
gl[ | /gi. the average connectivity of agent i’s direct contacts.

© specific Control




24) Estimate Strategy

@ Cross-section Regression

e Obtain 199 estimated values of @ and u: ¢, [

@ Filtrate

* Calculate each network gk’s largest eigenvalue w(gk) and check which network does not
satisfy the condition ¢k < 1/w(gk), then removed.
e 181 networks remain.

@ Calculate

* Average estimateof dand u: px, Ok
* bi(g' CD)




Empirical Results and Peer Effects
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M M ng
1
. Viw = D Buxliet o= D ) Vm8ijuXfi e+ i
3.1) Empirical Results — I :

Ny

Einw = U8ix + @ E 8ijk€jx + Vi
j=1

Standard OLS * A substantial part of the variance that is not explained.
0 e Strong evidence of spatial correlation in the residuals.

i, ¢ Positive and highly statistically significant
b;(g,®) Range:[0.32,3.48]; Average: 1.65; Standard deviation: 2.79

/o Statistically significant and non-negligible in magnitude
e +1 standard deviation K-B - +7% Education outcome

E? (g) = %-’?s (g, ¢) * +1 Parental education - +17%



Extension I
Pay Alternative Formulations
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4.1) Alternative Formulations

longinal] two eftorts y; , z;
3 models: one effort = equilibrium effort = weighted Katz-Bonacich centrality index
achievement: network location & mdividual 1diosyncratic characteristics P

loriginal] both efforts contribute positively
if negatively: y'(x,8) = " (x) — z;(g) (7’) y; (x,8) = 0;(x) — %bi (g, ) (&)

sign of ¢ (empirical + ; 6% — )



42) Alternative Measures of Unit Centrality

o Degree centrality

e Closeness centrality

e Betweenness centrality

fi(g) = X

j<l

Ci (gx) =

n
6i(8x) = gi = Zlgij
J:

1
2 dijxk

n -
65“( )_ g _Zj=1-gl] m - 0.35
i Bk T me—1 . -1 sd - 0.18
¥ Ni—1 m - 0.49
C- e
i (81) Y dij sd - 0.97

numberofshortestpathsbetweenjandithroughiing,

numberofshortestpathsbetweenjandling,

fi (g) =

fi(gx)

(ng—1)(ny—2)/2

m - 0.45
sd - 0.51



Extension 11
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5.1) Directed Networks

Assumption:

» Relationships reciprocal > directed

* 8ijk = 8jik 2 8ijk * Bjik

* 14% relationships are not reciprocal @




5.2) Difference

Theoretically : Empirically .
* giix *Ejix G Asymmetric e still statistically significant

« w(g): Spectral radius of the adjacency matrixG ~ * Slightly lower in magnitude(5.6 vs 7%)

.. TABLE 3
* ¢a) (g) < 1 ’ P ro pOS|tIO n 1 h O | dS tru € Model (9): Maximum Likelihood estimation results

Dependent variable: school performance index

Undirected networks Directed networks

Number of best friends (1) 0-0314* 0-0323*
(0-0149) (0-0152)
Peer effects (¢) 0-5667*** 0-5505%*+*
(0-1433) (0-1247)
Mj Individual socio-demographic variables yes yes
. Family background variables yes yes
Protective factors yes yes
Residential neighbourhood variables yes yes

Contextual effects yes yes
School-fixed effects yes yes

R* 0.8987 0.8905
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Appendix:

A More General Model

| > l -
ui(y’, z;8) =0; y; — 5 (5))" + ngizi — 5%2 + ¢ E 8ijZiZj
=1

J#
o a;o 1
assumeoy; =0 <0 - 4(z2) =—w(2) =—z; +503z7 + Z 3i3;
Oijj Oij 2 [T Oij

F.0.C.

3

a;
ui(z) = a;7; + Uri i +Z(7fj-i« E

~ 1 2 ~
= a;z; +505] + 2.j2i0ij%i3]

n
ou;
i .
=1
g a = (a11a2' e an)T X = [O-ij]

>0

Oiji < min{O, O-ij (] == l)}




«  Additive Decomposition of the Interaction Matrix

-— O
o = min{oj; | i # j} o =max {o;; | i # J}
y = —min{o, 0} > 0 A=G+y=>0 g
gij=(0i+y)/h (#) o=—F-y B>0 a
- 0 - - A9

x ~ EIE 7 2c] i ,
L) e :

1
. — ey — 72 TVareE
ul(z) a;z;+20114f; +ZUU«JZJ. ai:u'gia)/:oaﬁzl’)\':¢

— ] 2 EH:
l JF#i * HEili — Ef: + Q’) guf;:’j
=]

n n

1 , .
ui(z) = a;jz; — > (B—v)z; —]/ZI:Z;'ZJ' —I—AZ]:ggjz,-zj, foralli € N.
Jj= j=



Peer Effects and Kats-Bonacich Centrality

+00
wu(g.a) = Y _a’G’u= (I-aG)™'u b (g, a) = Wac1 (8, a)
p=0

—Xz* = I+ yJ - AG|z* =«

Z* — 1Tz*

BU—2/BG)z" +yz*1l = a

Bzt =[1— /G| (a — y2*1) = wa (g, 1/B) — 2w (8 4/8)

wl(g; A/ﬂ) — 1TW1(gJ A/ﬁ)

Bz" = wu(8 A/B) — vz w1(8 A/B)

¥ _ W (8, r/B)
T B+ywr (g, A/B)

i (@
* [Wa(g,)»/ﬁ)— Ve (8 1/P) Wl(g,l/ﬁ)] —_—

“ T8 B+ ywr (g /B

a=png,y=0p=Lr=¢  u
2" =—b(g ¢)

we(g A/B) =1Tw,(g 1/B)

(04

" B+ ywi(g A/B)

z" w1 (g A/P)
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