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0.2 The Novelty of this Paper

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

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

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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1.1 Networks
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1.2 Preference



(𝐆2)𝑖𝑗= ෍

𝑠=1

𝑛

g𝑖𝑠g𝑠𝑗

1.3 Katz-Bonacich Centrality





𝑚𝑎𝑥𝑦𝑖
0,𝑧𝑖

{ }

𝐳∗ = 𝜇𝐆𝟏 + 𝜙𝐆𝐳∗

1.4 Equilibrium



1.5 A more general model

A more general utility function:

Decomposition of the interaction matrix:

𝐮-weighed Katz-Bonacich centrality:

𝐈 =
1 ⋯ 0
⋮ ⋱ ⋮
0 ⋯ 1

𝐉 =
1 ⋯ 1
⋮ ⋱ ⋮
1 ⋯ 1

Equilibrium:
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Data and Empirical Analysis 



2.1 Database

The Add Health Database

➢ 90,118 students ( grades 7–12 )

➢ From 130 schools 

➢ in years 1994–1995

➢ questionnaire

Define Friendship Networks assume that friendship relationships are reciprocal

90,118 20,745 11,964
199 Networks

Sample

20,745



2.2 Descriptive evidence

3.41.28



Spatial Error Model

Traditional Regression Model

2.3 Empirical Strategy



2.4 Identification of Peer Effects

Endogenous Sorting

Network-fixed effects:

1

Reflection Problem (Manski, 1993)

Individual peer groups variation:

2

𝑔𝑖
[2]
/𝑔𝑖：the average connectivity of agent i’s direct contacts.

Specific Control

Indicators:

3

• self-esteem
• physical development
• motivation in education
• parental care
• school-fixed effects



Cross-section Regression

2.4 Estimate Strategy

Filtrate 
• Calculate  each network gκ’s largest eigenvalue ω(gκ) and check which network does not 

satisfy the condition φκ < 1/ω(gκ), then removed.
• 181 networks remain.

• Obtain 199 estimated values of φ and μ： ෢𝜙𝜅， ෞ𝜇𝜅

Calculate
• Average estimate of φ and μ ∶ μk， φk

• bi(𝑔, 𝛷)
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3.1 Empirical Results

Standard OLS

ML

• A substantial part of the variance that is not explained.

• Strong evidence of spatial correlation in the residuals.

ො𝜇， ෠𝜙 Positive and highly statistically significant

𝑏𝑖 𝑔,𝛷 Range: [0.32 , 3.48]；Average: 1.65；Standard deviation: 2.79

ො𝜇/ ෠𝜙 Statistically significant and non-negligible in magnitude

• +1 standard deviation K-B → +7% Education outcome

• +1 Parental education → +17%
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ExtensionⅠ
Alternative Formulations



4.1 Alternative Formulations



4.2 Alternative Measures of Unit Centrality
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ExtensionⅡ
Directed Networks 



Assumption: 

• Relationships reciprocal ≥ directed

• g𝑖𝑗,𝑘 = g𝑗𝑖,𝑘 ≥ g𝑖𝑗,𝑘 ≠ g𝑗𝑖,𝑘

• 14% relationships are not reciprocal

5.1 Directed Networks



Theoretically :

• g𝑖𝑗,𝑘 ≠ g𝑗𝑖,𝑘 G：Asymmetric

• 𝜔 𝑔 ：Spectral radius of the adjacency matrix G

• 𝜙𝜔 𝑔 < 1，Proposition 1 holds true

j

i

5.2 Difference

Empirically：

• still statistically significant

• Slightly lower in magnitude(5.6 vs 7%)



6 总结
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本文建立了一个关于同伴效应的网络博弈模型，求解其纳什均衡

从理论上说明了个体行为会受到其所处网络的影响，并明确最终均衡结果与博纳西克中心性有关

本文利用 Add Health 数据库关于学生网络关系、个人特性、学业成绩等信息的详细数据库，从实

证角度检验了该模型。其中重要参数 𝜇、 𝜙都是显著的，说明该模型具有较好解释力

本文随后进行了两方面实证的拓展：

①使用其他三种中心性指标：结果基本上都不显著

②从无向网络扩展到有向网络：结果仍然是显著的

𝜇

𝜙
𝐛(𝐠, 𝜙)+
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𝑎𝑠𝑠𝑢𝑚𝑒 𝜎𝑖𝑖 = 𝜎 < 0

𝜶 = (𝛼1, 𝛼2, … , 𝛼𝑛)
𝑇 𝚺 = [𝜎𝑖𝑗]

𝑭.𝑶. 𝑪. 𝜕𝑢𝑖
𝜕𝓏𝑖

= 𝛼𝑖 +෍

𝑗=1

𝑛

𝜎𝑖𝑗 𝓏𝑗 = 0 𝜶 + 𝚺𝐳 = 𝟎
𝐳∗ = −𝚺−1𝜶

𝛼𝑖 > 0

𝜎𝑖𝑖 < 𝑚𝑖𝑛 0, 𝜎𝑖𝑗 (𝑗 ≠ 𝑖)

෤𝑢𝑖 𝒛 =
𝜎

𝜎𝑖𝑖
𝑢𝑖 𝒛 =

𝛼𝑖𝜎

𝜎𝑖𝑖
𝓏𝑖 +

1

2
𝜎𝓏𝑖

2 +෍

𝑗≠𝑖

𝜎𝑖𝑗𝜎

𝜎𝑖𝑖
𝓏𝑖𝓏𝑗

= ෤𝛼𝑖𝓏𝑖 +
1

2
𝜎𝓏𝑖

2 + σ𝑗≠𝑖 ෤𝜎𝑖𝑗𝓏𝑖𝓏𝑗
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* Appendix：A More General Model



(𝑖 ≠ 𝑗)

𝝈

𝝈𝒊𝒋

𝟎

𝝈

𝝈

𝜸

𝜷

𝝀
𝝀𝒈𝒊𝒋

𝑰 =
1 ⋯ 0
⋮ ⋱ ⋮
0 ⋯ 1

𝑱 =
1 ⋯ 1
⋮ ⋱ ⋮
1 ⋯ 1

* Additive Decomposition of the Interaction Matrix



= (𝐈 − 𝑎𝐆)−1𝐮

𝛽 𝐼 − 𝜆/𝛽𝐆 𝐳∗ + 𝛾𝓏∗𝟏 = 𝜶

𝛽𝓏∗ = 𝓌𝜶 𝐠, 𝜆/𝛽 − 𝛾𝓏∗𝓌𝟏(𝐠, 𝜆/𝛽)

𝓏∗ = 𝟏𝑇𝐳∗

𝓌𝜶 𝐠, 𝜆/𝛽 = 𝟏𝑇𝐰𝜶 𝐠, 𝜆/𝛽

𝓌𝟏 𝐠, 𝜆/𝛽 = 𝟏𝑇𝐰𝟏 𝐠, 𝜆/𝛽

𝛼𝑖 = 𝛼

𝐳∗ =
𝜇

𝜙
𝐛(𝐠, 𝜙)
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* Peer Effects and Kats-Bonacich Centrality


