
MATHEMATICAL ECONOMICS

THE DIFFUSION OF 
MICROFINANCE

Reporter: 董博 李浩川 李旭峰 田允晴 王浩然



CONTENTS

目 录

Introduction

The Model & Result

Extension of the Model

Robustness Checks

06 Conclusions

Background and Data



Introduction



Abhijit Banerjee

4



Esther Duflo

5



www.islide.cc 6



Matthew O. Jackson

7



introduction

www.islide.cc 8

1.participant and non-participant information passing role

2.find no (statistical) evidence of an endorsement effect 

3.higher eigenvector centrality, higher take up rate



Background and Data



2.1 Background

rural southern Karnataka

Bharatha Swamukti Samsthe(BSS)---

which operates a conventional microcredit program

the diffusion of participation 

in a microfinance program



2.1 Background

11

The villagers contact BSS。It seeks out a number of pre-

defined leaders,who BSS expects 

to be well-connected within the 

village: teachers, leaders of self-

help groups, and shopkeepers.

The leaders present information 

about microfinance to the village.

01 02 03

When BSS starts working in a village
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2.1 Background

• BSS provided us with a list of 75 villages in which they were planning to start operations 
within approximately six months.

• Prior to BSS’s entry

• These villages had almost no exposure to microfinance institutions.

• These villages are, by and large, linguistically homogeneous but heterogeneous in terms of caste.

• The majority of the population in these villages is Hindu(印度教徒).

• The most common primary occupations are agricultural work (growing finger millet, coconuts, 
cabbage, mulberries and rice), sericultural work (silkworm rearing), and dairy production.



2.2. Data

• demographic information

• GPS coordinates

household census

age

caste

education

language

occupation

individual survey
（随机抽样-分层抽样、46%）

• village leadership

• the presence of savings self-help groups

• various geographical features of the area 

(such as rivers, mountains, and roads)

village questionnaire In 2006, six months prior to BSS’s entry into any village, 

the author conducted a survey in all 75 villages.



2.2. Data

Social network data 
along thirteen dimensions

names of friends or relatives who visit

the respondent’s home

names of those friends or 

relatives the respondent visits

from whom the respondent 

would borrow money

who the respondent goes to pray with

to whom the respondent would 

lend money

……
In the 43 villages where they started their operations, BSS provided the 

author with regular administrative data on who joined the program.



2.3 Network Measurement Concerns and Choices

Q1 Q2

Q3 Q4

Directed or undirected?

borrowing decisions are often 

made at the household level.

Cross-marriages are rare.

The villages are mostly geographically 

well-separated.

While the networks derived from these data 

could be, in principle, directed, in this paper 

we symmetrize the data and consider an 

undirected graph.

The network data enable us to 

construct a rich multi-graph with 

many dimensions of connections 

between individuals.

We treat the networks as 

closed societies even though

there may exist ties across

villages.

Whether we should consider the individual 

or the household as the unit of analysis?



2.4 Descriptive Statistics

average take-up 
rate for BSS

average take-up 
rate of leader average education

8.4% 12.5% 0.99

18.5% 25% 4.92



2.4 Descriptive Statistics
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Leaders tend to be no older or younger than the rest of the population (the p-value on the
difference is 0.415).

The average degree (the average number of connections that each household has) is almost 15.

The average clustering rate is 26%. This is substantially higher than the clustering rate that would be
expected in a network in which links are assigned uniformly at random but such that nodes have the
same average degree. In this case, the clustering rate would be on the order of one in fifteen.

The average eigenvector centrality（a key concept of the importance of injection points，is 
proportional to the sum of its neighbors’ centralities） of leaders is 0.07 (with a standard deviationof
0.017), as opposed to 0.05 (standard deviation of 0.009) for the village as a whole.



The Model and the Result



Introduction to social network analysis

Social networks represent relationships involving

social entities such as friendship, neighborhood

In this paper, there exists 13 dimensions where

people are able to build relationship, like friends,

relatives, go to pray with, borrow money from and

so on

We think that two households can be lined in a

undirected graph only if one of above dimensions

are correlated. As a result, from our survey data,

we can build a social network graph under any

village



Network characteristics

Degree: the number of links that a household has. And due to my graph is undirected, in-degree

equals to out-degree of a node.

Clustering coefficient: the fraction of pairs of a household’s neighbors who are neighbors with each 

other. This is a measure of how interwoven a household’s neighborhood is 

Eigenvector centrality: The measure of how important a node is in the sense of iterative paths 

through a network, which is the most important evaluation in our model.

Average path length: the mean length of the shortest path between any two house-

holds in the village, which is used as a distance measure.

Adjacency matrix: the adjacency matrix of a finite graph G on n vertices is the n × n matrix where the 

non-diagonal entry 𝑎𝑖𝑗is 1 if vertex i is linked to vertex j, 0 otherwise, and the diagonal entry is null.



Intuitional concept for Eigenvector centrality

Consider the graph below and its 5×5 adjacency matrix A:

And then consider , x, a 5x1 vector of values, one 

for each vertex in the graph. In this case, we've used 

the degree centrality of each vertex.



Intuitional concept for Eigenvector centrality

Now let‘s look at what happens when we multiply the 

vector x by the matrix A. The result, of course, is another

5×1 vector.

What multiplication by the adjacency matrix 

does, is reassign each vertex the sum of the 

values of its neighbor vertices.



Intuitional concept for Eigenvector centrality

This has, in effect, "spread out" the degree centrality. That this is 

moving in the direction of a reasonable metric for centrality can be 

seen better if we rearrange the graph a little bit:

This vector is called an Eigenvector of the matrix A.

The elements of this vector are the Eigenvector centralities of the 

vertices of the graph.

In summary, multiple adjacency matrix with the weighs vector and

then you would get the centrality measure of each nodes.

8
6
8
7
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Conceptual Framework

The conceptual framework is used to simulate the diffusion of microfinance in every iteration

Before delving into our model, let’s first introduce the state propensities of a node:

 node i’s information status: 𝑠𝑖𝑡
𝐼 ∈ {0,1}, with 0 indicating uninformed and 1 indicating informed 

 node i’s participation status: 𝑚𝑖𝑡∈ {0, 1}. Note that if 𝑚𝑖𝑡 = 1 then 𝑠𝑖𝑡
𝐼 = 1, as one cannot 

participate without being informed 

Additionally, we should exploit logistic function ( or sigmoid function) to estimate probability.

Compared to sign function with bad properties of non-

derivation and non-continuity at zero point, logistic

function is continuous and differentiable on real field.

The threshold of 0 or 1 is usually set as 0.5 , that’s to say,

When f(x) > 0.5, probability = 1;

When f(x) < 0.5, probability = 0;



Decision-making

Someone may tell you that your future is your own and do not

base your decisions on the advice of those who don’t have to

deal with the results.

If we only take personal( to be exactly, household) features

into consideration

Information

𝑝𝑖 = 𝑃 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑋𝑖 = Λ 𝛼 + 𝑋𝑖
′𝛽

𝑤ℎ𝑒𝑟𝑒 Λ 𝑚𝑒𝑎𝑛𝑠 𝑠𝑖𝑔𝑚𝑜𝑖𝑑 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛
𝑤ℎ𝑒𝑟𝑒 𝑤𝑒 𝑜𝑛𝑙𝑦 𝑎𝑙𝑙𝑜𝑤 𝑡ℎ𝑒 𝑝𝑒𝑟𝑠𝑜𝑛′𝑠 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒(𝑋𝑖) to influence

take up



Decision-making

However, your own decisions are also affected by your acquaintances.

So we should add the impact of your acquaintances into our model

the information model with endorsement effects 

(or sometimes the endorsement model, for short) 

𝑝𝑖
𝐸 = 𝑃 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑋𝑖 , 𝐹𝑖 = Λ 𝛼 + 𝑋𝑖

′𝛽 + 𝜆𝐹𝑖
𝑤ℎ𝑒𝑟𝑒 𝐹𝑖 is a fraction in which the denominator is the number
of 𝑖′𝑠 neighbors who informed i about the program and the
numerator is the number of these individuals who have
participated in microfinance



Conceptual Framework

Initialize t = 0 Based on our social network graph:

a) The set of initial leaders are informed about the

operating plans and their information statuses are

updated

𝑠𝑖0 = 1 ∀ 𝑖 ∈ 𝐿 𝑎𝑛𝑑 𝑠𝑖0 = 0 ∀ 𝑖 ∉ 𝐿

b) Those newly informed agents decide whether 

or not to participate:

𝑝𝑖 α, 𝛽 𝑜𝑟 𝑝𝑖
𝐸 α, 𝛽, 𝜆

α, 𝛽, 𝜆 are initialized with the Bernoulli distribution



Conceptual Framework

Initialize t = 0 Based on our social network graph:

c) Each 𝑖 ∈ 𝐼0 transmits to j ∈ 𝑁 with probability

𝑚𝑖1𝑞
𝑃 + 1 −𝑚𝑖1 𝑞𝑁

Let 𝐼1 be the set of 𝑗′𝑠 informed via this process

who were not member of 𝐼0, and let 𝐼 𝑗 be the

set of 𝑖′𝑠 who informed j



Conceptual Framework

Iteration at time t:

a) The newly informed agents are now 𝐼𝑡

b) Those newly informed agents decide whether or 

not to participate with 𝑝𝑖 α, 𝛽 𝑜𝑟 𝑝𝑖
𝐸 α, 𝛽, 𝜆

In the case of 𝑝𝑖
𝐸, 𝐹𝑖 = |{𝑗|𝑗 ∈ 𝐼 𝑖, 𝑡 , 𝑚𝑗𝑡 = 1}/| 𝐼 𝑖, 𝑡 |

Where 𝐼 𝑖, 𝑡 is the set of 𝑖′𝑠 who informed j



Conceptual Framework

Iteration at time t:

c) For all nodes 𝑖 ∈ 𝐼𝑡, each 𝑖 transmits to j ∈ 𝑁𝑖

with probability

𝑚𝑖1𝑞
𝑃 + 1 −𝑚𝑖1 𝑞𝑁

Let 𝐼𝑡+1 be the set of 𝑗′𝑠 informed via this process

who were not in 𝐼𝑡, let 𝐼 𝑗, 𝑡 + 1 be the set of 𝑖′𝑠
who informed j, and the process repeats



Conceptual Framework

Iteration at time t:



Structural Estimation —— Parameter Updating

Method of simulated moments( MSM)

We are seeking to estimate the following models:

(1) Information Model: (𝑞𝑁, 𝑞𝑃, 𝑝𝑖 α, 𝛽 )

(2) Information Model with Endorsement Effects: (𝑞𝑁, 𝑞𝑃, 𝑝𝑖
𝐸 α, 𝛽, 𝜆 )

We would exploit a series of moments which could be calculated from survey data

(1) Share of leaders that take up microfinance (to identify β). 

(2) Share of households with no neighbors taking up that take up. 

(3) Share of households in the neighborhood of a taking leader that take up. 

(4) Share of households in the neighborhood of a non-taking leader that take up. 

(5) Covariance of the fraction of households taking up with the share of their neighbors that take up 

microfinance. 

(6) Covariance of the fraction of household taking up with the share of second-degree neighbors that take up 

microfinance. 



Structural Estimation —— Intuition

Those moments would be compared to the same ones derived from our iteration simulation and

then calculate cost function. Every parameter should be responsible for its cost and be updated.

a) We initialize parameter from its parameter space Θ, which is discretized

b) Implement 75 iterations and get the final simulated values of parameters

c) Minimize cost function, which is defined as

መ𝜃 = 𝑎𝑟𝑔min
𝜃∈Θ

(
1

𝑅


𝑟=1

𝑅

𝑚𝑠𝑖𝑚,𝑟 𝜃 −𝑚𝑒𝑚𝑝,𝑟)
𝑇 (

1

𝑅


𝑟=1

𝑅

𝑚𝑠𝑖𝑚,𝑟 𝜃 − 𝑚𝑒𝑚𝑝,𝑟)

𝑤ℎ𝑒𝑟𝑒 𝑚𝑠𝑖𝑚,𝑟 𝑑𝑒𝑛𝑜𝑡𝑒𝑠 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑚𝑜𝑚𝑒𝑛𝑡𝑠 𝑓𝑜𝑟 𝑣𝑖𝑙𝑙𝑎𝑔𝑒 𝑟,𝑚𝑒𝑚𝑝,𝑟 𝑑𝑒𝑛𝑜𝑡𝑒𝑠 𝑡ℎ𝑒 𝑒𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙 𝑜𝑛𝑒𝑠



Main conclusion review

Microfinance participation is higher when the injection points have 

higher eigenvector centrality

Participants are more likely to pass information than informed non-

participants

The endorsement effect is not significant in a person’s participation 

decision making



Reduced-form analysis: Do injection points matter?

rr

L

rr Wy   10

• where 𝑦𝑟 is the average village-level microfinance take-up rate;

• 𝜉𝑟
𝐿 is a vector of network statistics for the leaders (degree and eigenvector centrality); 

• 𝑊𝑟 is  a vector of village level controls

endogenous?

Initial model: 



Reduced-form analysis: Do injection points matter?

rr

LM

r

L

rr Wy   210

• where 𝑦𝑟 is the average village-level microfinance take-up rate;

• 𝜉𝑟
𝐿 is a vector of network statistics for the leaders (degree and eigenvector centrality); 

• 𝑊𝑟 is  a vector of village level controls;

• 𝜉𝑟
𝐿𝑀 is a vector representing the centrality of those leaders who became microfinance members

Model after being modified: 



Result

37



Structural estimation (MSM)

 Information Model: (𝑞𝑁, 𝑞𝑃, 𝑝𝑖(𝛼, 𝛽))

 Information Model with Endorsement Effects: (𝑞𝑁, 𝑞𝑃, 𝑝𝑖
𝐸(𝛼, 𝛽, 𝜆))

• 𝑞𝑁 denote the probability that an informed agent who does not herself participate informs others in a 

single round

• 𝑞𝑃 denote the probability that an informed participating agent informs others in a single round

• 𝜆 is the coefficient in the participation decision equation 



Result



The Extension of the Model



Do network characteristics matter?

rrrr XWy  

• where 𝑊𝑟 is a vector of village-level network characteristic covariates;

• 𝑋𝑟 is a vector of village-level demographic covariates;



Result



Reason



Do correlation pattern change over time?

rtrr

L

rrt tWty   )(10

• where 𝑦𝑟𝑡 is the share of microfinance take-up in village 𝑟 in period 𝑡;

• 𝜉𝑟
𝐿 is the average degree and/or the average eigenvector centrality for the set of leaders;

• 𝑊𝑟 is  a vector of village level controls;

• 𝛼𝑟 are village fixed effects;

• 𝛼𝑡 are period fixed effects



Result



Robustness Checks



Test the exogenous of eigenvector centrality

 Intuition: villages where leaders are less important or less connected are 

also less likely to take up microfinance for other reasons. (for example)

If eigenvector centrality is not correlated with other village characteristics (exogenous)

Eigenvector centrality can influence the final take-up rate



Result



Re-estimate with an entirely different set of moments

 Intuition: those close to participating leaders may have similar preferences, 

for example

The set of moments:

(1) Share of leaders that take up microfinance (to identify β).

(2) Covariance of take up and minimum distance to a leader.

(3) Variance of take up among those who are at distance one from a leader.

(4) Variance of take up among those who are at distance two from a leader.

Some shortcomings



Result



Check for network position

 Intuition:  people’s need for microfinance could be related to their network 

position, and in particular correlated with their distance from leaders

People who are close to each other may simply behave similarly

Structural Model:

)),((),,|(  P

iiiii LidFXdFXionparticipatP 

• 𝑑(𝑖, 𝐿𝑃) is the length of the shortest path between 𝑖 and the nearest leader who participates in 

microfinance



Result



“Placebo” Test

• The same structural model and same method of MSM

• The only change is that microfinance participation is replaced with roof tiling

 Introduction

 Why roof tiling?

• The share of household that have such a roof is similar to the microfinance take-up rate

• Having a tiled roof could be related to wealth and possibly to neighbors’ behaviors, similar 

to microfinance take-up



Result



Conclusions



THREE CONCLUSIONS

Keyword

Keyword
Keyword

Keyword

Keyword

Keyword

Keyword

Like the former analyze, we can draw 3 conclusions:

From our 2 important models • But the non-participants are also important 

as well

Participants will pass information 
with higher likelihood

• Injection point works, with their eigenvector 

centralities

The higher injection point’s participation 
rate, the higher village participation rate

• But it has nothing with personal choice of 

participation

There exists no endorsement effects, but
Information effects does work



TWO MODELS

1
• Can not explicitly show the diffusion method, so 

introduce individual data and initial injection points

REDUCED-FORM MODEL

• Use shooting method to estimate parameters 

• Tell apart endorsement effect and information effect

• But with endogenous problems of homophily (peer effects)

• ---introduce distance

• Gradually enlarge and complete the model

STRUCTURAL MODEL

2


