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Ø The network N ={1,...,n} is a finite set of agents. We keep track of social
connections by a network g, where ! "# =1 if i and j are direct friends, and ! "#

=0, otherwise. Given that friendship is a reciprocal relationship, we set ! "# =
! #". We also set ! "" = $.

Ø Preferences Denote by %"
&the effort of individual i absent of any peer influence,

and by ' " the peer effort whose returns depend on others’ peer efforts. Each
agent i selects both efforts %"

& ≥ 0 and ' " ≥ 0, and obtains a payoff ( ")* &+, - . ) ,
that depends on the underlying network g , in the following way:

1. A Network Model of Peer Effects
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1. A Network Model of Peer Effects

Ø where !"# is a set of M variables accounting for observable differences in

individual, neighbourhood and school characteristics of individual i, and $# ,
%# are parameters. The peer-effect component is also heterogeneous, and this
endogenous heterogeneity reflects the different locations of individuals in the

friendship network g and the resulting effort levels.

1. A Network Model of Peer Effects
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1. A Network Model of Peer Effects
Ø The Katz–Bonacich network centrality

The Katz–Bonacich centrality measures the importance of a given node in a network.

0≤! is some non-negative scalar. A factor that decays with the distance discounts the
contribution of all these nodes: the value of k−link away nodes is weighted by !"#$.
Given a network g and a scalar !, we denote by b(g, !) the vector whose coordinates
correspond to the Katz–Bonacich centralities of all the network nodes.

1. A Network Model of Peer Effects
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Ø The role of specific controls
ü find proxies for typically unobserved individual characteristics that may be correlated
with our variable of interest.

ü Therefore, we deal with unobservable individual characteristics correlated with the
Katz–Bonacich measure that may cause education outcomes not directly caused by the
centrality measure.

Ø Estimation strategy
ü First, we estimate our empirical model defined by equation (9) for each network in our
dataset.

ü Second, for each network gκ , we calculate its largest eigenvalue ω(gκ) and check
which network does not satisfy the condition φκ < 1/ω(gκ).

ü Estimate model (9) by running a pseudo-panel data estimation (i.e. using both within
and between-network variations), thus obtaining an average estimate of φ and μ in our
dataset.

3. EMPIRICAL STRATEGY AND IDENTIFICATION OF PEER EFFECTS

3.2 identification of peer effects 

3. Empirical Strategy and Identification of Peer Effects
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Ø The condition φω(g) < 1 is needed for�
ü Characterizing the Nash equilibrium in terms of the Katz–Bonacich centrality
measure

ü The existence and uniqueness of the equilibrium as well as for the interiority of the
solution.

Ø Relax the condition φω(g) < 1 and bound the strategy space by simply acknowledging
the fact that students have a time constraint and allocate their time between leisure and
school work.
ü The empirical model is exactly the same with the only difference that we now run
the regression on all the 199 networks and not on 181 networks.

ü When we run such a regression, we obtained that the estimated values of μ and φ are
now respectively given by 0·0301 (with a standard error of 0·0140) and 0·5352
(with a standard error of 0·1366).

4. Empirical Results And Discussion



5. Alternative Formulation
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ØResults
p Insignificant
p In terms of standard deviation: 2.1%

ØExplanation
p Unique Nash equilibrium——linear quadratic utility function——Katz-Bonacich
centrality
It maps topology to equilibrium behavior→behavioral foundation

pAlternative measures: Parameter-free network indices
Katz-Bonacich centrality: Depending on !"#"$"%&and #''( '))'*! +!(',%!- ./ 0.
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ØAssumption�Relationships are reciprocal
p Truth: 14% relationships are not reciprocal.

ØDifferences
p Adjacency Matrix G turns to asymmetric.
pω(g�defined as spectral radius rather than largest eigenvalue

ØResults
pThe estimated effect is still statistically significant
pSlightly lower in magnitude(5.6 vs 7%)

7. Directed Networks
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9. Concluding Remarks



ØConclusion
ü The peer effects game has a unique Nash equilibrium where each agent strategy is
proportional to Katz-Bonacich centrality measure.

ü The individual’s position in a network is a key dominant of his level of activity.

ü 1 vs 7% standard deviation.

ØExtension
ü Linear-quadratic utility functions.

ü Consider average effort of peer effect rather than aggregate efforts.

ü Other outcomes than education could be studied.

9. Concluding Remarks
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