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Peer Effects on a Fertility Decision:  
An Application for Medellín, Colombia

The world’s total fertility rate has fallen substantially in the last fifty 
years. The Latin American and Caribbean region is not an exception to 
this rule, as a deep process of demographic transition has swept through 

the entire region. In the first decade of this century, the region’s total fertility 
rate (TFR) fell from 2.67 children per woman in 1999 to 2.12 by the end of 
2010. The current rate is surprisingly close to the widely accepted replace-
ment rate of 2.1.

The evolution of the fertility rate for young populations is especially impor-
tant because of the negative consequences of teenage childbearing, which 
is widely associated with low human development and poverty.1 In the last 
decade, the Latin American and Caribbean region also saw a reduction in the 
fertility rate for women between fifteen and nineteen years of age (FR15-19), 
from 83.95 children per 1,000 women in 1999 to 71.68 in 2010. While this 
reduction in the FR15-19 is substantial, it is smaller than the reduction in the 
TFR in the same period. Between 1999 and 2010, the TFR dropped 26 percent, 
while the FR15-19 fell 17 percent. This implies that adolescent fertility has 
become a more important component of total fertility in most of the countries 
in the region.2 Relative to adult fertility, adolescent fertility is becoming greater 
and greater in Latin America.
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1.  Joshi and Schultz (2007); Buvinic (1998); Gage (1999); Hayes (1987).
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With some exceptions like Argentina and Peru, the contribution of adoles-
cent fertility to total fertility has increased continuously in almost all Latin 
American and Caribbean countries. In 1999, adolescent fertility was 15.72 per-
cent of total fertility in developing Latin American and Caribbean countries; 
by 2010, this ratio had increased to 16.29 percent. There are some remarkable 
cases, such as Brazil and Ecuador, where the ratio of adolescent fertility to 
total fertility increased by more than two percentage points between 1999 and 
2010. The result of this phenomenon is, on average, an earlier individual onset 
of childbearing.

To explain this interesting phenomenon, it is important to study the factors 
that determine the age at which a mother decides to have her first child. From 
an individual’s point of view, it may seem rational to have a child early in life 
given her education, her household socioeconomic conditions, and the char-
acteristics of her social group. This paper explores the mother’s chosen timing 
for the onset of childbearing in an urban context in Colombia, emphasizing the 
role of peer effects and using longitudinal individual information that allows 
characterizing mothers before or at the time of the pregnancy.

Many social researchers in the last three decades have been interested in the 
phenomenon that takes place when an individual’s behavior is partly explained 
by the influence of other individuals’ behavior. In economics this has been 
called social interactions or peer effects. There are several channels through 
which these effects may take place: for example, individuals may learn from 
peers’ behavior (social learning), or they may embrace the norms of the 
community with regard to socially accepted practices (social influence).3 
The main purpose of this paper is to test the existence and measure the mag-
nitude of peer effects on a fertility decision. The fertility decision considered 
is the woman’s age at the onset of childbearing. The study draws on a large 
sample of poor mothers in the city of Medellín, who had their first child 
between 2001 and 2010.

Social interactions could be a potential explanatory factor in the reduction 
of the average age of mothers at first birth observed in Latin America and 
the Caribbean, and they could certainly be a cause for the high incidence of 
teenage pregnancy in countries such as Colombia. There is evidence on the 
existence of geographic sorting patterns governing the spatial distribution 
of several fertility outcomes in Latin American cities.4 For instance, in poor 

3.  Kohler, Behrman, and Watkins (2001).
4.  Gaviria and others (2010).
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neighborhoods women have more children and the onset of childbearing is 
earlier than in other neighborhoods. Nevertheless, the literature on fertility in 
the region has not explored the existence of peer effects. Several studies in 
this literature suggest that the importance of contextual and cultural factors 
has been underestimated. The influence of new social norms, like the general 
acceptance of early initiation of sexual relationships, and the influence of peer 
pressure have not been given enough attention in the study of teen pregnancy 
in the region.5 In this paper, I use data from Medellín to evaluate the existence 
of peer effects that influence the age at which mothers decide to have their first 
child. Medellín is an example of the urban context in Latin America, where 
high levels of adolescent pregnancy are concentrated in poor neighborhoods.

To explore these issues, I estimate a linear-in-means model of social inter-
actions in which the relevant peer effect groups are defined using weighting 
matrices, with weights defined using spatial and social distance criteria. To 
deal with the reflection problem, which is typical in the estimation of endog-
enous peer effects models, I design peer groups varying at the individual 
level. This strategy has recently been shown to successfully overcome the 
reflection problem.6 In addition, the definition of non-perfectly-overlapping 
groups is useful to overcome a second problem that is also typical in this 
kind of estimation: namely, the endogeneity of the peer group. The definition 
of peer groups that are different for each individual implies the existence of 
excluded peers. These are peers of an individual’s peers who do not belong 
to the individual’s peer group. Using information from excluded peers, I con-
struct instruments to estimate the social interaction models by two-stage least 
squares methods. For all specifications estimated in this paper, the endog-
enous peer effects coefficient is positive and significant. In other words, an 
important factor explaining a woman’s decision to have her first child at a 
specific age is the influence of her peer group. This influence is measured in 
terms of the average age for the onset of childbearing among the members of 
the peer group. Therefore, a woman has more probability of becoming a teen-
age mother if her peer group has a significant composition of teenage mothers.

From a social policy perspective, this topic is crucial, given that pregnancy 
at an early age is widely associated with negative socioeconomic outcomes 
for the mother and the child. Studies show that educational achievements, 
health markers, and measures of involvement in risky behaviors all tend to 
be worse for teenage mothers and their children.7

5.  Flórez and Soto (2007b).
6.  Bramoullé, Djebbari, and Fortin (2009); de Giorgi, Pellizzari, and Redaelli (2010).
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I start by presenting a brief summary of the literature in which this paper 
fits. The next section then describes the theoretical foundations on which 
the paper is based. After describing the data, I outline the empirical strategy 
implemented to get reliable estimations and present the results of the esti-
mations. A subsequent section describes some simulations and robustness 
checks, together with their results. Finally, I present the main conclusions of 
the paper and discuss some relevant policy implications.

Related Literature

The fertility outcome of interest for this paper is the woman’s age at the onset 
of childbearing. Most of the related literature focuses on teenage childbear-
ing, which is an extreme case of early onset of childbearing. Several papers 
address the negative consequences of teenage pregnancy and childbearing.8 
Women who were mothers before the age of twenty are usually poorer and 
less educated than women who became mothers after the age of twenty. In 
the case of Colombia, for example, Flórez and Soto find that having a child 
as a teenager implies that the mother will get 3.9 years of education less than 
if she would have had the child as an adult.9

Several papers describe and analyze adolescent childbearing in Colombia 
and the region.10 One important finding in these papers is that the contribution 
of the teenage fertility rate to the TFR has increased for several Latin American 
and Caribbean countries.11 More recent data on fertility rates confirm that trend 
for the regional average.12 For the region as a whole, the average share of teen-
age fertility in total fertility increased by almost one percentage point between 
1999 and 2010.13 This phenomenon is not generalized across all Latin Ameri-
can and Caribbean countries, however, as there are some important exceptions. 
For example, the ratio of adolescent fertility to total fertility decreased in Peru 

  7.	 See, for example, Joshi and Schultz (2007); Buvinic (1998); Gage (1999); Hayes (1987); 
Case and Katz (1991); Grogger and Bronars (1993); Hotz, McElroy, and Sanders (1999).

  8.	 Joshi and Schultz (2007); Buvinic (1998); Gage (1999); Hayes (1987).
  9.	 Flórez and Soto (2007b).
10.	 For example, Flórez and Núñez (2001); Flórez and Soto (2007a, 2007b).
11.	 Flórez and Soto (2007b).
12.	 Public data from the World Bank (available online at data.worldbank.org).
13.	 The average ratio of teenage fertility to total fertility was 15.51 percent for all Latin 

American and Caribbean countries in 1999 versus 16.29 percent in 2010.
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from 11.19 percent in 1999 to 10.22 percent in 2010 and in Argentina from 
13.02 percent to 12.5 percent. Nevertheless, for most of the countries in the 
region, this ratio increased or remained relatively constant. In Brazil it rose 
from 18.38 percent to 20.71 percent in the period; in Ecuador, from 14.13 per-
cent to 16.42 percent. In Colombia the ratio was 16.81 percent in 2010, close 
to what it was in 1999 (17.41 percent).

For the specific case of Colombia, several papers use econometric models 
to explain the probability of teen pregnancy.14 These papers find evidence 
that low education, disadvantaged socioeconomic conditions, and poor fam-
ily backgrounds increase the probability of teenage pregnancy. None of these 
papers uses longitudinal information, so they cannot use covariates before or 
at the time of the pregnancy to explain the fertility decision. This may result in 
endogeneity bias, as long as important explanatory variables in these models 
are determined simultaneously with the pregnancy. In this paper, I have infor-
mation on the characteristics of a future mother before the childbirth, so I can 
better control for the simultaneity of several covariates and the pregnancy. In 
addition, none of these papers emphasizes the role that social interactions may 
play in the determination of fertility outcomes. At the regional level, very few 
papers seriously consider social interactions or similar effects on fertility.15

Several studies in demography and sociology explore the role of social 
interactions in fertility outcomes. One example is the study of diffusion 
effects. A diffusion effect takes place when a behavior is adopted and repro-
duced through social networks. The mechanisms through which social net-
works can affect their members include social influence and social learning. 
To measure diffusion effects, some papers in this literature use, as explana-
tory variables in the estimations, variables that describe whether the woman 
discusses contraceptive practices with relatives or members of the commu-
nity.16 Other papers use aggregate fertility levels or the proportion of family 
planning users in a woman’s network.17 The empirical techniques often rely 
on the use of longitudinal data at individual levels or aggregate data by geo-
graphical areas.

14.	 Gaviria (2000); Barrera and Higuera (2004); Flórez and Núñez (2001).
15.	 Rosero-Bixby and Casterline (1994).
16.	 Montgomery and others (2001).
17.	 On aggregate fertility levels, see Montgomery and Casterline (1993) or Rosero-Bixby 

and Casterline (1994); on the share of family planning users, see Kohler, Behrman, and Watkins 
(2001).
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In economics, an important branch of the applied microeconomic litera-
ture focuses on the detection and identification of group effects on many 
outcomes, including fertility. For example, the identification of peer effects 
in education has been widely debated. Part of the discussion originated with 
the publication of the Coleman Report in 1966, in which one of the most 
polemic findings was that students perform better if their fellow students are 
high achievers.18 Several papers seek the identification of social interactions 
when the main dependent variable is a fertility decision.19 Some of the authors 
realize that the peer group itself is an endogenous decision, and because of 
this the estimation results will be biased.20 As discussed later in this paper, the 
self-selection issue and the reflection problem are the main identification threats 
for empirical models of social interactions.21

Theoretical Foundations

The model starts with a representative woman i, who derives utility from 
consumption zi and from children ni (if she has any). I focus on the decision 
to start a family or not; this fact is represented by the term c1ia. Therefore, any 
woman i, with no children until the previous period, can derive utility from 
her first child if she decides to become a mother in the current period; in which 
case, c1ia = 1, where c1ia ∈ {1, 0}. The subscript a represents the woman’s age, 
and the subscript 1 stands for the first child. The total number of children is 
the summation of fertility choices (c1ia) up to age a: 22

n ci tit

a= =∑ .
0

Additionally, if woman i decides to become a mother, she will also get 
utility from the quality of her child, qi. The quality of the child is a household 

18.	 Coleman (1966); Oates, Evans, and Schwab (1992).
19.	 For example, Oates, Evans, and Schwab (1992); Iyer and Weeks (2009); Case and Katz 

(1991).
20.	 For example, Oates, Evans, and Schwab (1992).
21.	 The reflection problem arises because the individual is influenced by the reference 

group, but at the same time, an individual’s decision also determines the group behavior. See 
Manski (1993).

22.	 A general fertility choice is represented by c1ia, where c1ia = 1 if the woman decides to 
have a child (not necessarily the first one) at age a.
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production function that takes as inputs education, parental time, and any 
other resources that can improve the child’s development. For simplicity, it 
is assumed that this representative woman solves a static optimization prob-
lem every year, instead of maximizing her lifetime utility. This assumption 
allows me to develop a model for the demand for children similar to the one 
proposed by Becker.23 For the year in which woman i decided to have her first 
child or any prior year, the utility function can be represented by the follow-
ing equation:

( ) , , .1 1U U c z qia ia ia ia i= ( )
At each age a, mother i decides whether she will have her first child this year 
and her consumption, zia, subject to the standard budget constraint:

( ) ,2 1p q c z Ic ia z ia ia
i i + =π

where Iia denotes income, pc is the unitary cost of quality, and pc • q • c1ia is the 
total amount spent on the child each year, which is zero if c1ia = 0 (no child 
in this period). In addition, pz represents the price of the consumption good. 
Every year, woman i maximizes equation 1 subject to equation 2.24 Woman i 
will have her first child at age a if:

( ) , ,3 1 0U z q U z q p qia ia ia ia ia ia c i z
* * * * *( ) > ( ) +i π zz Iia ia= ,

where the utility function is evaluated in the optimal quantities (z*i,a, q*i,a).
Starting from this Becker-type model, I introduce the possibility that 

the fertility variable can be explained by social interactions. If social inter
actions have some impact in fertility decisions, then the fertility decisions 
of the peer group members should enter into the utility function of woman i. 
I assume that there is perfect knowledge about the woman’s social network and 
that the level of interaction between a woman and a member of her peer group 
is perfectly measured by wj, where j is a generic member of the woman’s peer 
group and wj is a normalized interaction index. For many sociological reasons 

23.	 Becker (1981).
24.	 After her first child, the decision of woman i will be whether or not to have her second 

child, c2ia ∈ {1, 0}. Her budget constraint will be pc • q + pc • q • c2ia + pzzia = I. The quality is 
assumed to be the same for each child.

13905-04_Morales_2ndPgs.indd   125 2/5/15   11:08 AM



1 2 6   E C O N O M I A ,  Spring 2015

(social influence, social learning, and so on), one can assume that woman i 
gets utility from exhibiting a behavior similar to her peers. Therefore, the 
mother’s optimization problem can be rewritten as follws:

( ) max , ,1 1
1

a U c m z q m mia ia ia ia i ia j j
j

( ) −







≠
∑ω i


 , subject to equation 2,

with
if

if

c m m

c m m

ia ia i

ia ia i

1

1

1

0

= ≥

= <







where mia is a continuous variable representing a fertility attitude or behavior 
of woman i, and mj is a continuous variable representing a fertility attitude 
or behavior of each member of the woman’s peer group. The term c1ia is a 
function of mia, and m

_
i is an arbitrary threshold beyond which a child is gener-

ated. One can think of mi as some continuous index revealing, for example, 
attitudes toward sex or simply the desire to become a mother; it is assumed 
that mi is under the mother’s control in each period. The term

ω
j j

j i

mi
≠

∑

represents the weighted average of the fertility behavior among the peer group; 
the weights are the interaction indexes, wj. This construction implies that the 
stronger the relationship between i and j, the greater will be the weight that 
peer j has in the computation of the average. The main hypothesis of this paper 
is that in every period, woman i will get additional utility from mimicking the 
behavior of her peers. Therefore, the contribution of the term

m m
ia j j

j i

−
≠

∑ω i

is assumed to be negative.

Determination of the Age at the First Childbirth

The discrete framework explained above is useful for connecting the theoreti-
cal foundations to the empirical approach. At every age a, woman i solves 
the optimization problem represented in equation 1a subject to the budget 
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constraint (equation 2); therefore, the woman’s age at the first childbirth can 
be defined as follws:

( ) min ,

, , ,

4 12 45

1

A a

U z q m

i

ia ia ia

= ∈[ ]subject to

* *
ii j j

j i

ia ia ia i j

m

U z q m m

*

* * *

−
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



>

−

≠
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c ia z ia ap q c z I
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






+ =



given that * *i i
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
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,

where a only takes continuous values between twelve and forty-five given the 
biological fertility period in the woman’s life. If one is willing to assume that 
individuals are followers of their peers’ behavior, it would be interesting to 
ask what is the response of Ai given an exogenous increase in mj.25 I assume 
that the individual already chooses the optimal quantities of m*i , z*ia, and q*ia 
to maximize her utility. If individuals follow the behavior of their peers, an 
increase in mj will produce an increase in mi. This increase in mi could cause 
a jump in c*1,ia from zero to one if the increase is enough to overcome the 
threshold m

_
i. Through this mechanism, the mother will choose to have her 

first child in the current period, at age a and not later, which can be interpreted 
as an effect of mj on A. In this paper I assume the existence of a continuous 
function, G(•), that maps each possible combination of the inputs in the utility 
function to a single value, Ai. Therefore, Ai can be written as

( ) , , .5 A G z q m m
i ia ia i j j

j i

= −










≠
∑ω i

In later sections, I propose and estimate a linear approach to equation 5. 
The main interest of this paper is the peer effects on Ai, or the influence that 

25.	 Assuming this is equivalent to saying that (∂mi / ∂mj) > 0. In a continuous and simplified 
version of the model, it is possible to find an expression for (∂mi / ∂mj). Under minimal assump-
tions, it is not possible to unambiguously determine the sign of this derivative, as individuals 
are peer followers under some circumstances but not others. A valid interpretation of the main 
question of this paper is testing whether or not the individuals are followers of the peers’ fertility 
behavior.
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the behavior of the peer group has on a woman’s age at first childbirth. The 
prediction that can be derived from the main hypothesis of this paper is that 
(∂mi /∂mj) > 0. In terms of the dependent variable, this means that mother i 
may find it optimal to reduce her age at her first childbirth given a reduction 
in the expectation of this variable among her peer group.

Data

The System for Selecting Beneficiaries of Social Spending (SISBEN in 
Spanish) is a household targeting system that has been used in Colombia 
since the late 1990s to target social programs within the poor and vulnerable 
population. This system is based on an assessment of the living conditions of 
individual families, and it is currently used to select beneficiaries of subsi-
dized health insurance, educational subsidies, and conditional cash transfers 
in Colombia.26 The information in the SISBEN databases could be considered 
as a census for poor populations; for example, by 2002, 60 percent of the total 
population in the country was registered in the system, and about 30 percent 
received benefits.27 The instrument used to target spending is a statistically 
derived proxy means index. The computation of the index relies on informa-
tion about the availability and quality of housing, basic public services, pos-
session of durable goods, human capital endowments, and current income. 
To collect this information, a questionnaire was implemented using two main 
tools for selecting the responders: a geographical selection based on previ-
ous targeting systems; and demand in hospitals, municipal offices, and other 
benefit providers.

The SISBEN was not initially conceived as a panel, but it is mandatory to 
update the information every three years. Consequently, a panel of the sur-
veyed population can be constructed by crossing the information from the 
original collection and the updates. For this paper, the original collection and 
two updates were used to construct a panel of three periods of information. 
Given that the survey was not initially conceived as a panel, the surveys do 
not include an official identification number for following the same individuals 
through different periods, but there are mechanisms for matching individu-
als and households over time. Although this means that a large share of the 

26.	 Castañeda (2005).
27.	 Castañeda (2005).
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observations will be missed, the huge number of observations in each period 
makes it possible to preserve a satisfactory sample.

The construction of the estimation sample thus involves several stages in 
which data from different SISBEN collections and external data are merged. 
The target population for the study is recent mothers included in the SISBEN 
system. A recent mother is here defined as a woman who had her first child 
any time between the first and third SISBEN collections (roughly speaking, 
between 2001 and 2010).28 The conclusions derived in this paper are only 
intended to be applicable to this population. A SISBEN recent mother can 
only be included in the estimation sample if the observation can be linked to a 
previous period. This is because I need to observe the covariates explaining the 
decision about the timing of the onset of childbearing before (or at) the time of 
pregnancy. Table A1 in appendix A provides summary statistics comparing the 
sample of SISBEN recent mothers and the estimation sample.

The total sample of SISBEN recent mothers that can be identified in any of 
the three SISBEN collections consists of 75,768 individuals. Only a fraction 
of those individuals can be linked to a previous SISBEN collection, which 
is crucial for identifying characteristics before pregnancy. Consequently, the 
estimation sample consists of 11,461 individuals. Some covariates present 
differences between population and estimation sample, as evident in table A1, 
but robustness checks show that this issue is not driving the results.29

Empirical Strategy

Empirically, the goal of this paper is the estimation of a single-equation model 
where the dependent variable is the mother’s age in years at her first child-
birth.30 The main interest is the identification of endogenous social effects that 
could explain the dependent variable. The estimation of these effects is usually 

28.	 The average collection date of the first SISBEN is 9 September 2002, with a standard 
deviation of 431 days. The average collection date for the second SISBEN is 22 May 2006, with 
a standard deviation of 316 days. The average collection date of the third SISBEN is 7 January 
2010, with a standard deviation of 57 days.

29.	 To verify that the determination of the estimation sample is not driving the results, I 
estimate econometric models in which the process of selection into the estimation sample is 
modeled using Heckman selection procedures. The results of the endogenous peer effects coeffi-
cient do not change significantly after controlling for selection. More details on the construction 
of the estimation sample are available on request.

30.	 This variable is replaced by the woman’s age if she is pregnant at the time of the survey.
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biased due to two fundamental problems: the reflection problem and the group 
selection problem. To deal with the reflection problem, I implemented a strat-
egy similar to the one developed by De Giorgi, Pellizzari, and Redaelli, which 
allows me to define peer groups that vary at the individual level.31 Once the 
reflection problem is controlled, there is still an endogeneity problem because 
the peer group effect is an individual’s endogenous decision. To address this 
problem, I perform a standard instrumental variables (IV) methodology.

The instruments proposed in this paper are based on the idea of using 
the expectation of outcomes and covariates computed only for the excluded 
peers.32 These are peers of an individual’s peers who do not belong to the 
individual’s peer group. These are good IVs because the covariates and the 
endogenous fertility variable of excluded peers explain the fertility outcome 
of the individual’s peers via social interactions. In addition, these variables 
do not have a direct effect on the individual’s fertility outcome because it is 
assumed that any effect that excluded peers’ behavior may have on the indi-
vidual’s behavior works indirectly through the effect of peers’ behavior on 
the individual’s behavior.33 More details are provided later in the paper. The 
following subsections describe the reflection problem and the endogenous 
nature of the peer group. After an introduction to each of these problems, I 
provide detail on the empirical strategy to overcome them.

The Reflection Problem

Manski was the first to explain the concept of reflection in the literature on 
social interactions.34 Basically, inside a social group, individuals are both 
influencing their peers’ behavior and being influenced by them. The term 
reflection refers to the fact that one cannot know if one’s action is the cause 
or the effect of peers’ influence.35 Consider the following equation:

( ) ,6 y E y N N ui i i i i= +   +  
′ + ′ +α β ηE z z�

where yi is the woman’s age at first childbirth, zi represents a vector of indi-
vidual and family characteristics of individual i, E[yNi] stands for the mean 

31.	 De Giorgi, Pellizzari, and Redaelli (2010).
32.	 Instruments of this nature have been proposed recently in the field (de Giorgi, Pellizzari, 

and Redaelli 2010; Bramoullé, Djebbari, and Fortin 2009).
33.	 In the case of exogenous covariates of excluded peers, this statement can be formally 

proved in a system-of-equations framework.
34.	 Manski (1993).
35.	 De Giorgi, Pellizzari, and Redaelli (2010).
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of y in the neighbor group of individual i, and E[zNi] is a vector that includes 
the mean of the exogenous variables z among those people in the individual i’s 
neighbor group.

This equation is the standard linear expression for the estimation of social 
interactions; it formally represents two types of social effect. The most impor-
tant effect is represented in the coefficient b, formally known as the endog-
enous peer group effect. The endogenous effect is the response in the fertility 
behavior of mother i when the average fertility behavior of her reference 
group changes. In this paper, b is the main coefficient that I am trying to 
identify. Nevertheless, mother i may behave similarly to her neighbors just 
because they have similar socioeconomic characteristics and share similar 
restrictions; that effect is usually known as a contextual effect, and it will be 
captured by the vector of coefficients g. Equation 6 is useful for illustrating 
the nature of the reflection problem. Taking the expectation conditional on 
the neighbor group Ni, solving for E[yNi], and assuming E[uiNi] = 0 yields

( )7 E y N E y N N N
i i i i

  = +   +  
′ +  α β E z E z�

′′η;

( )8
1 1

E y N N
i i

  =
−







+  
′ +

−






α
β

η
β

E z
�

 .

This straightforward algebra illustrates that in a standard setting, the 
parameters of interest cannot be identified separately. In this setting, the peer 
groups are fixed across individuals; this means that if individual A is in the 
social group of individual B, and individual C is in the same social group as 
individual B, then it must be the case that individual A and C belong to the 
same group. This characteristic causes the term E[yNi] to appear on both 
sides of equation 2. De Giorgi, Pellizzari, and Redaelli show that identifica-
tion can be achieved if instead of being fixed, peer groups are specific to every 
individual.36 If the neighbor groups are individual specific, then equation 3 
can be rewritten as follows:

( )9 E y N EEy N N

E N N

i j i

i i

  = +

+  
′







 +

α β

E z � EE z N
i

 
′η,

36.	 De Giorgi, Pellizzari, and Redaelli (2010).
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where j represents a generic peer of individual i’s neighbor group. Using a 
simple example in which the peer groups are individual specific, de Giorgi, 
Pellizzari, and Redaelli show that identification relies only on observations 
with distinct peer groups.

s t r a t e g y .   The relevant peer group for this research is a group of neigh-
bors, who are defined according to some criteria of proximity and similarity. 
The relationship with neighbors is, by construction, determined geographi-
cally. Therefore, geographic information system (GIS) data are required to 
identify the neighbors of each individual. The information provided by the 
administrative department of the city includes the official codification for the 
census tract and block where the individual’s housing unit is located. Using 
this information, I merged the SISBEN data with an ArcGIS file containing all 
the blocks in the city. This process generates a closely approximated location 
for every household in the panel in terms of its geographical coordinates.37 To 
illustrate this procedure, figure 1 presents a panel of maps showing the spatial 
location for all the SISBEN mothers in the panel (more specifically, the loca-
tion of their block’s centroid).

Each point on the maps (mom4, mom7, mom9) represents the centroid 
of a block in the city, where one or more SISBEN recent mothers live. These 
women are not necessarily beneficiaries of any social program, but they are 
registered in the system. The polygons on the maps represent the most dis
aggregated geographical and political division in the city, barrios (neighbor-
hoods). The maps show that the surveyed mothers are not located in every 
neighborhood in the city. Very expensive neighborhoods, especially in the 
southeast, have a low density of SISBEN households or none at all. The 
SISBEN population is the set of potential beneficiaries of social programs; 
therefore, SISBEN households are usually poorer than the average house-
hold in the city. These maps thus show the economic spatial segregation and 
the sorting patterns in the city. Disadvantaged (presumably) households are 
restricted to some areas of the city.

37.	 Merging the SISBEN panel and the GIS files for blocks identified the centroids’ coor-
dinates of the block where the household is located, for most of the observations. Not every 
observation in the panel was successfully matched with the GIS file of blocks, especially in the 
first SISBEN, where the codification for census tracts and blocks was not available for all the 
observations. In those cases, the centroids of the most disaggregated political division (barrios) 
are used.
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The strategy used in this paper to overcome the reflection problem is based 
on defining neighbor groups that vary at the individual level. The basic idea in 
the definition of the reference group is to build an N-by-N matrix of weights 
(W), where N is the number of all SISBEN recent mothers in the estimation 
sample. The matrix operation W • Y, where Y is a vector containing the age 
at first childbirth for all SISBEN resent mothers in the estimation sample, is a 
nonparametric estimator of E[Y]. Therefore, a neighbor mother j can influence 
the fertility decision of mother i, depending on the assigned weight she has in 
the computation of

w yij j
j i

,
≠

∑

where wij is an element of W and yj is Y’s element corresponding to the jth 
neighbor of i.

The natural candidate for the weight wij is the inverse of the Euclidean dis-
tance between i and j. It is likely that mothers in contiguous blocks interact more 
than mothers separated by a considerable distance. Following the same logic, 
neighbors of mother i, located farther away than a predetermined distance d

_
, 

should have no weight in the computation of the expectation; in other words, 
they should not belong to the peer group of mother i. Furthermore, the distance 
between mother i and her neighbors is certainly not the unique criterion for 
excluding some mothers from mother i’s peer group. There can be other social 
distances s-k (with k = 1, 2, . . . K), such that neighbors who are very differ-
ent from mother i in any of the k characteristics should also be excluded from 
mother i’s peer group. These characteristics can be sociodemographic variables 
such as education, age, or income. In the empirical work, I defined several 
matrices using different criteria and estimated models using different matrices. 
Formally, the construction of these matrices can be represented as follows:

0
1 1

1
0
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d
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N

N
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









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





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


( )10 W = ,

13905-04_Morales_2ndPgs.indd   134 2/5/15   11:08 AM



Leonardo Fabio Morales   1 3 5

where

( )11
2 2

2d x x y y
ij i j i j

= −( ) + −( )
and

( )12 1 1 11 1 1 2 2s d d s s d s s d
ij ij i j i j

= <{ } − <{ } − <− −i i 22

1

{ }
… − <{ }−i i s s d

i

K

j

K K .

In the empirical work, a standardized version of equation 10 is used.38 
In equation 11, dij describes the Euclidean distance between mother i and 
mother j, where x, y stand for the geographical coordinates. In equation 12, 
Sij describes a multiplication of indicators of functions; these indicators of 
functions are equal to one when the condition inside of the curly brackets 
holds, and zero otherwise. The first condition is the distance condition: any 
neighbor beyond some radius d

_
 is excluded (that is, a zero weight is assigned 

for that peer). The other conditions are based on sociodemographic variables: 
if a neighbor differs from mother i in any of these characteristics, si - sj > d

_
, 

then the neighbor is excluded. Age and education are the sociodemographic 
variables used in the construction of this matrix.

In figure 2, each point represents the centroid of a block where a SISBEN 
mother resides; the polygons represent neighborhoods. Thus, mother B belongs 
to both mother A’s peer group and mother C’s peer group, but mother A does 
not belong to mother C’s group and mother C does not belong to mother 
A’s group. When sociodemographic restrictions are operating, the variation is 
greater. In figure 3, mother A and mother B live in contiguous blocks, but they 
differ in some of the criteria used to form the social groups. Therefore, despite 
the fact that they live very close each other, they do not belong to each other’s 
social group, and their peer groups are very different.

f e r t i l i t y  d e c i s i o n  e q u a t i o n .   The fertility decision equation describes 
how family and personal characteristics and the decisions of peers affect the 
age at which a mother decides to have her first child. The relevant information 
that explains this decision is the information before or during pregnancy. The 
SISBEN information covers three different periods. Based on those periods, 

38.	 The standardized version of W is a matrix such that the sum of every row or column is 
equal to one.
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a. Each point represents the centroid of a block, where a SISBEN mother resides; the polygons represent neighborhoods.

F i g u re   2 .   Peer Groupsa

a. The squares in the far right circle represent peers of individual B; the empty squares represent peers of individual A.

F i g u re   3 .   Peer Group Variationa
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I defined five different cases that describe how the information is used (see 
figure 4). In case 1, the woman got pregnant after she was surveyed in the 
second SISBEN, but before she was surveyed in the third round. In this case, 
the covariates and the expectation of the dependent variable among her peers 
are constructed with information from the second round. In case 2, the woman 
got pregnant after she was surveyed in the first SISBEN, but before she was 
surveyed in the second. In this case, the covariates and the expectation of the 
dependent variable among her peers are constructed with information from 
the first survey. The other three cases (3, 4, and 5) represent the situation in 
which the woman was pregnant at the time of the survey. In these cases, the 
covariates and the expectation of the dependent variable among her peers 
are constructed with information from the current survey at the time she was 
pregnant.

The fertility equation is specified as a linear social effects model, similar to 
equation 6, which is estimated for recent mothers. To measure the endogenous 
peer effects, a nonparametric estimation of E(yiGj) is included in the fertility 
equation (where j represents a generic neighbor of mother i’s neighbor group). 
The computation of this expectation is

E y N w y
i j ij j

j i

| ,( ) =
≠

∑
where yj is the fertility decision of neighbor j and wij is the weight explained 
earlier.39 To control for contextual effects, a nonparametric estimation of E(ziNj) 

a. The wide line represents the time line for a generic woman in the sample; the thin line represents different possibilities for the 
pregnancy time.

F i g u re   4 .   Casesa

39.	 In some of the cases described earlier, this expectation is not computed using the depen-
dent variable in the period in which the women got pregnant, but one period before. This helps 
to alleviate the simultaneity that generates the reflection problem and makes the expectation 
term appear on both sides of equation 2.
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is also included in the fertility equation; similar to the previous case, this 
expectation is computed as

E G w w
i j ij j

j i
ij kj

j i

z z z( ) =










≠ ≠
∑ ∑1

. . . ,

where zkj is the neighbor j’s exogenous covariate, zk. The following equation 
is the one estimated in this paper:

( ) . . .13
1

y y w w
i ij i

i j
ij j

j i
ij kj

j i

= + +•

≠ ≠ ≠
∑ ∑α β ω z z∑∑ ∑







 + + ′ +•

=

γ υ δ η
b bi i i

b

B

uz
1

,

where yi is the age of the mother i at first childbirth and zi is a vector of 
individual and household characteristics. The parameter that represents the 
endogenous peer effects is b. As mentioned above, wij represents an element 
of the weighting matrix W. The coefficient of interest in this paper is b; never-
theless, it is important to control for other nonendogenous effects. In the pres-
ence of these nonendogenous effects (that is, contextual or correlated effects), 
the b coefficient could be overestimated. Contextual effects have their root 
in the fact that mothers in the same peer group have similar socioeconomic 
composition, and fertility behavior may vary with different socioeconomic 
characteristics of the group.40 Correlated effects may be important because 
individuals with the same characteristics or who face similar institutional 
environments tend to behave similarly.41 In many situations, the correlated 
and contextual effects are indistinguishable from each other because the char-
acteristics of the reference group have to be defined in terms of averages of 
the exogenous variables. To control for these nonendogenous peer effects, 
I include in the regression the average of the exogenous covariates among 
the people in the reference group of mother i. In addition, I include a set of 

40.	 Exogenous or contextual effects are associated with the fact that the individual’s behav-
ior varies with some exogenous characteristic of the group. For example, in a classroom, a 
student’s achievement may be explained by the socioeconomic conditions of the school district; 
in a comparison of a school district where all the students’ parents have a college degree and 
another district where no parent has a college degree, student achievement would be expected 
to go in the same direction as average parents’ education in the district; but this variation does 
not obey any endogenous interaction between students. In equation 13, this is precisely what 
the g coefficients are capturing: namely, the variation of individual behavior given changes in 
average exogenous characteristics of the group.

41.	 Manski (1993).
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dummy variables ub, where b = 1 . . . B is an index of the neighborhood, and 
dbi is the coefficient measuring the fixed effects of neighborhood b.

The Endogenous Reference Group Problem and IVs

The estimation of social interaction effects is further complicated by the deter-
mination of the peer group. The problem arises because the peer group (made 
up of neighbors or local residents) is often a matter of individual choice.42 In 
other words, individuals self-select themselves into the peer group that best 
fits their possibilities and preferences (unobserved factors). When individu-
als make their residential location decisions, they are choosing not only the 
neighborhood in which they want to live, but also their peer group. Therefore, 
the expectation of the dependent variable, conditional on the social group, is an 
endogenous variable. Technically, there can be unobservable variables that are 
correlated with both the location decision and the fertility decision. Given that 
the location decision determines the woman’s neighbors, an estimated expec-
tation of the mother’s age at her first childbirth (among a group of neighbors) 
is going to be correlated with the error term ui in equation 13.

The estimation of equation 13 by ordinary least squares (OLS) will be 
biased, even after applying the proposed procedure to correct for reflection. 
The direction of the bias depends on the unobservable factors driving the 
selection of the peer group and their correlation with the unobservable fac-
tors determining the fertility decision. To correct for this bias, I performed an 
instrumental variables (IV) procedure that uses the peer group structure pro-
posed in this paper to obtain valid instruments by drawing on information on 
excluded peers—that is, the peers of an individual’s peers who are not included 
in the individual’s peer group. Data on excluded peers have been used very 
recently in the literature for the identification of endogenous social effects.43

Expectation of covariates and the fertility decision among the excluded 
peers should be strongly correlated with the individual’s fertility decision. 
This happens through a series of interconnected social interactions. The exog-
enous covariates of excluded peers explain their fertility decisions, and then 
via social interactions, an individual’s peers’ fertility behaviors are explained 
by the fertility behaviors of their peers (from the perspective of the individual 
they are excluded peers). By the same reasoning, the fertility behavior of the 
individual is explained by the fertility behavior of his or her peers. In addition, 

42.	 Oates, Evans, and Schwab (1992).
43.	 Bramoullé, Djebbari, and Fortin (2009); De Giorgi, Pellizzari, and Redaelli (2010).
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it can be formally proved that expectation of covariates and the endogenous 
outcome among excluded peers are exogenous to the individual’s fertility 
decision.44 The intuition for this is that these variables have no direct effect 
on the individual fertility decision; it all happens through the relationship 
between the individual’s peers and the excluded peers. Several instruments 
are used in the paper, all of which use the principle of the excluded peers. I 
use the expectation among the excluded peers of the fertility outcome, and the 
expectation of other covariates among the excluded peers.45

Results

The empirical strategy described in the previous section implies that several 
specifications are possible, because several matrices W can be used. The matri-
ces are important because they define the peer group that is allowed to influ-
ence the fertility decision. In the previous section, two types of criteria were 
mentioned as useful for constructing the peer group: physical distance and 
social distance (age and education). Table 1 defines the conditions inside the 
brackets of each indicator of function in equation 12 that were used for the 
regressions presented in this paper.46

For each criterion (distance, age, and education), two or three levels of 
networking are used. Different sets of peers are allowed to affect the fertility 
decision in each level (the peers receive a nonzero weight). Given the form 

T able     1 .   Networking Criteria

Networking level Distance Age Education

Low di - dj ≤ 500 ai - aj ≤ 5 ei - ej ≤ 3
Medium ai - aj ≤ 10 ei - ej ≤ 5
High di - dj ≤ 1,000 ai - aj ≤ 15 ei - ej ≤ 7

44.	 In a system-of-equations framework, with one equation explaining the endogenous 
outcome for each individual, exogenous covariates for excluded peers are exogenous to the 
individual fertility decision; see de Giorgi, Pellizzari, and Redaelli (2010) for more details. In 
this case, additional conditions are required, including no correlation between the unobservable 
variables for excluded peers and the individual’s unobservable variables.

45.	 The expectation of exogenous covariates among the excluded peers results in a large 
number of instruments; to gain efficiency and make the specifications more parsimonuous, I 
selected the best in terms of the correlation with the endogenous variable and used overidentify-
ing restriction tests.

46.	 Other criteria were used, as well; the results are comparable to the results presented here.
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of the restrictions, these sets are nested. The restriction in the criterion (dis-
tance, age, or education) is strongest in the lowest level, resulting in a smaller 
number of included neighbors than in any other level and, therefore, a larger 
number of excluded peers. In the medium or high levels, the restriction in the 
criterion is weaker, so the number of included neighbors is greater than in 
the lower levels. In other words, in the low level, a small distance (physical 
or social) is allowed between mothers to be included in a peer group; in the 
medium level, more distance is allowed between them. In the case of age, for 
example, in the low networking level, a neighbor is included in mother i’s 
peer group if the age difference between the two women is less than or equal 
to five years, whereas a difference of less than or equal to ten years is allowed 
in the medium networking level. Combinations of these restrictions are used 
to determine the different specifications presented in this section.

Table 2 describes the covariates used in the regressions. For explaining 
the fertility variable, the covariates are variables that intuitively may have an 

T able     2 .   Summary Statistics

Variable description Obs. Mean Std. dev. Min. Max.

Age at first childbirth 11,537 21.30 5.04 4 45
Education attainment: incomplete elementary 11,537 0.11 0.31 0 1
Education attainment: complete elementary 11,537 0.15 0.36 0 1
Education attainment: incomplete high school 11,537 0.45 0.50 0 1
Education attainment: complete high school 11,537 0.24 0.43 0 1
Education attainment: some college or completed college 11,537 0.03 0.17 0 1
Currently in school 11,537 0.34 0.47 0 1
Currently unemployed 11,537 0.08 0.27 0 1
Currently cohabitating with sentimental partner 11,537 0.11 0.31 0 1
Currently widow 11,537 0.00 0.04 0 1
Currently divorced 11,537 0.01 0.11 0 1
Currently single 11,537 0.84 0.36 0 1
Women any sort physical or mental disability 11,537 0.01 0.07 0 1
Monthly income of the household (in pesos) 11,537 459,964 408,176 0 6,588,608
Dummy: living in house or apartment=1, other=0 11,537 0.97 0.17 0 1
Dummy: good or standard quality in walls material=1, other=0 11,537 0.78 0.41 0 1
Dummy: good or standard quality in floor material=1, other=0 11,537 0.36 0.48 0 1
The house is owned by the household 11,537 0.48 0.50 0 1
Number of teenager mothers in the household 11,537 0.58 0.77 0 6
Dummy variable: stratum equal to 1 = 1 11,537 0.33 0.47 0 1
Dummy variable: stratum equal to 2 = 1 11,537 0.57 0.50 0 1
Dummy variable: stratum equal to 3 = 1 11,537 0.10 0.29 0 1
Dummy variable: stratum equal to 4 = 1 11,537 0.00 0.01 0 1

a.  Stratum is a socioeconomic classification of the neighborhoods in Colombia, used by the government to target subsidy programs, where 
the first stratum is the poorest.
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explanatory power in the decision about the age for the onset of childbearing. 
Based on the panel constructed with the SISBEN information, these covari-
ates are known before pregnancy or at the time of pregnancy (in the case of 
mothers that were pregnant at the time they were surveyed). The covariates 
include personal characteristics such as educational attainment, marital sta-
tus, and employment status, as well as some household characteristics such 
as income or house features.

OLS and IV Regressions

After testing different restrictions for the maximum distance allowed between 
peers, I concluded that the specifications that best fit the data are the ones 
using matrices with nonzero weights for peers inside a circle with a radius 
of 1,000 meters, centered on mother i’s residence. These are the results pre-
sented in this section. All regressions include the set of neighborhood fixed 

effects,

 

υ δ
b bib∑ , and the set of contextual effects,

 
w wij j

j i
ij kj

j i

z z1
≠ ≠

∑ ∑







. . . .

Since the estimation sample used in the regressions is the sample of  
SISBEN recent mothers that can be followed throughout the different sur-
vey collections (cases 1 to 5 in figure 4), the expectation of the endogenous 
variable among peers is also defined using that sample. Nevertheless, to 
reduce potential endogeneity of the contextual effects, all the expectations 
of the covariates among peers are computed using the sample of SISBEN 
mothers who fulfill the conditions for being included as the individual’s peers, 
regardless of whether they are included or in the estimation sample. The 
same strategy is used to compute the instruments. That strategy substantially 
improves the quality of the estimations in the paper.

Tables 3 and 4 present the results of the estimation for different specifica-
tions of the W matrix and different sets of instruments for a given W. Six 
different configurations for the peer group are presented in the table; each 
configuration is a combination of the distance, age, and education restrictions 
that define the peer group. All the restrictions of distance (di, dj), education 
(ei, ej), and age (ai, aj) are indicated at the top of each table according to  
the criteria presented in table 1. In the first specification in table 3, for exam-
ple, the peer group includes peers who live within a one-kilometer radius of 
the individual, who are within an age range of no more than five years from 
the individual, and whose education level is within three years of the indi-
vidual’s education level.
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For each configuration, results are presented for the OLS regression and 
the two-stage least squares (2SLS) regressions. I use two instruments in the 
first 2SLS regression. The first instrument is the expectation of the fertility 
outcome among the excluded peers.47 The second instrument is the expecta-
tion of the fertility outcome among the peers of excluded peers that at the 
same time do not belong to the peer group of the individual’s peers or to 
the individual’s peer group (that is, the second level of excluded peers). The 
instruments used in the second 2SLS are the expectation of some exogenous 
covariates among the excluded peers. I selected two of the best instruments 
for each regression.48 The first stages for each of the IV regressions are pre-
sented in appendix B. The coefficients of the neighborhood fixed effects and 
the contextual effects have been omitted for ease of presentation.49

In all the regressions in table 3 (with an age disparity of five years) and 
table 4 (with an age disparity of ten years), the coefficient measuring the 
endogenous peer effects is positive and less than one; it is highly significant 
in all 2SLS regressions and in most of the OLS regressions. In all specifica-
tions, the OLS coefficients for endogenous peer effects are smaller than the 
2SLS coefficients. In this setting, it is theoretically impossible to predict the 
direction of the OLS bias, which would depend on the correlation of individual 
factors driving the group selection with unobservable factors driving the fertil-
ity decision. For some specific unobserved factors, the bias would certainly be 
negative, such as an individual’s restriction, unobserved to the econometrician, 
that has a positive effect on the fertility outcome (that is, the restriction delays 
the individual’s onset of childbearing). Consider, for example, the presence of 
credit restrictions. If a credit restriction is an unobserved component that influ-
ences the fertility outcome, it will probably have a positive effect. The greater 
the credit restriction, the less prone individuals will be to starting a family. 
Furthermore, a greater credit restriction would also correlate with living in one 
of the bad-quality neighborhoods, which have the smallest average fertility 
outcome. Therefore, in that case the correlation of unobservable factors with 
the endogenous variable would be negative, as would the OLS bias.50

47.	 The process of identifying the excluded peers is as follows. For each of an individual’s 
peers, five of her closest peers are selected (in terms of the criteria discussed before) conditional 
on their not belonging to the peer group of the original individual. The same process applies for 
the second level of excluded peers.

48.	 More details about these instruments can be found in the notes to the tables.
49.	 This information is available on request.
50.	 The final direction of the OLS bias could be more complicated in the presence of cor-

relation of some group effects, if their effect is not ruled out by the introduction of neighborhood 
fixed effects and contextual effects.

13905-04_Morales_2ndPgs.indd   149 2/5/15   11:08 AM



1 5 0   E C O N O M I A ,  Spring 2015

The endogenous peer effect coefficient is interpreted as the effect of the 
peer group on the individual’s fertility decision. The coefficient describes the 
response in the mother’s behavior given changes in the average behavior of her 
peer group; it is positive and significant in almost all specifications. Therefore, 
the mother’s age at first childbirth is explained positively by the average age 
at first childbirth among mothers within her peer group. The endogenous peer 
effect coefficient is always positive and less than one in all 2SLS regressions; 
nevertheless, the coefficients are different for different definitions of the peer 
group and for different instruments. As mentioned, each set of instruments has 
its advantages; the ones based on excluded peer covariates are theoretically 
exogenous, and the ones based on excluded peer outcomes are expected to be 
stronger. The preferred specification in this paper is specification 4 (table 4),  
in which a mother is considered an individual’s peer if she lives within a radius 
of 1,000 meters of the individual’s residential location, the age disparity with 
the individual is not greater than ten years, and the educational disparity is not 
greater than three years of schooling. This specification is preferred for several 
reasons; the F test is remarkably high for the two sets of instruments used, 
the exogeneity test is strongly not rejected in both 2SLS regressions, and the 
difference between the 2SLS estimations is not very high. Nevertheless, the 
endogenous peer effects coefficients are specific for each definition of the peer 
group, so other coefficients based on alternative specifications are also valid.

The quality of the instruments included in the regressions is tested using 
an F test of the instruments in the first-stage regression.51 In every regression 
presented in the table, the F statistic is greater than 10, which is a mini-
mal requirement for the consistency of the estimators. The exogeneity of the 
instruments cannot be strictly tested; nevertheless, overidentifying restriction 
tests are always informative.52 The null hypothesis of the exogeneity of the 
instruments in the overidentifying restriction tests cannot be rejected in any 
of the estimations.

The endogenous peer effects coefficient in the preferred specification and 
with the best set of instruments is 0.70 (specification 4). This means that an 
increase of one year in the peer group’s average age at first childbirth implies 

51.	 The null hypothesis of the F test is H0:q1 = 0, q2 = 0, where q1, q2 represent the coefficients 
of each instrument in the first-stage regression.

52.	 The overidentifying restriction test is obtained as N • Ru
2, where N and Ru come from an 

auxiliary regression of ûi on [X Z]. In this auxiliary regression, X represents the matrix of exog-
enous covariates and Z the matrix of instruments (Wooldridge, 2002). N • Ru

2 is distributed c2 
with degrees of freedom equal to the number of overidentifying restrictions. The null hypothesis 
of this test is the exogeneity of the instruments; mathematically, H0:E(Z′u) = 0.
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an increase of the mother’s age at first childbirth of 0.7 year. The estimated 
coefficients are similar in several of the alternative specifications, but in others, 
the magnitude is substantially lower; in all cases, the coefficients are strongly 
significant. To facilitate the interpretation of the endogenous peer effects coeffi-
cients, the results of a couple of simulations based on the estimated coefficients 
are presented at the bottom of the tables. In the first simulation, the incidence 
of teenage motherhood among the individual’s peer group is increased by 
10 percentage points. To do this, I randomly assign an age at first childbirth 
of sixteen to members of the individual’s peer group, until the percentage of 
teenage mothers increases 10 percentage points. In the second simulation, the 
age at the onset of childbearing is reduced by one standard deviation for each 
member of the peer group. In the preferred specification, an increase of 10 per-
centage points in the incidence of teenage motherhood would reduce the age at 
the onset of childbearing by 0.5 years. A reduction of one standard deviation 
in the onset of childbearing for each member of the peer group will reduce the 
individual’s onset of childbearing by more than three years.

In almost all the 2SLS specifications, higher educational achievements, 
especially completed high school and some college, have positive and sig-
nificant effects. These coefficients are smaller in the specifications where the 
educational disparity restriction between individuals and peers is strong (spec-
ifications 1 and 4). When this restriction is relaxed, the estimated coefficients 
for educational achievement are such that having some college or beyond 
implies at least two years of delay in an individual’s onset of childbearing. 
The positive effect of unemployment is significant in all specifications, which 
captures the fact that unemployed women are less prone to starting a family, 
holding all else constant. Family income also has a positive and significant 
coefficient in all specifications, which is consistent with the fact that poor 
mothers are usually younger. The dummy variable for cohabitation with their 
partner is always negative and significant; therefore, personal relationships 
outside of marriage have a negative effect in the fertility outcome. The vari-
able for the number of mothers (peers) who had their first child as teenagers 
and who currently live with the individual is significant in every specification 
and had a negative impact. In most of the cases, these teen mothers are sisters 
or sisters-in-law of the mother. This variable is important because it is a proxy 
measure of fertility behavior in the individual’s household.

To put the endogenous peer effects in context, the magnitude of the endog-
enous peer effect coefficient can be compared with the magnitude of other 
coefficients. Based on the results of specification 4, a reduction of one year 
in the age at the first childbirth for all of an individual’s peers results in a 
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reduction of almost 0.69 year in the endogenous fertility outcome (using the 
WYpp set of instruments in the second column). This reduction is similar 
in magnitude to the drop associated with the dummy variable for cohabita-
tion (-0.63). In other words, the peer effects have almost the same impact 
on the endogenous fertility outcome as the important individual decision of 
cohabitating with a partner. In terms of education, women who have any col-
lege education (complete or partial) delay the time at which they decide to 
have their first child by almost three years. The individual’s response to an 
increase of one standard deviation (five years) in the age at first childbirth of 
all the members of her peer group would similarly delay the age of the onset 
of childbearing by almost three years. In other words, a big change in the 
peers’ fertility outcome (one standard deviation) would have the same impact 
as having some college (completed or partial) on an individual’s decision 
regarding the onset of childbearing. These comparisons give an idea of the 
importance of the endogenous peer effects.

With regard to the robustness of these results, one potential problem is that 
the covariates and the expectation of the dependent variable used in the estima-
tions are constructed based on information that may be from several years before 
a woman’s pregnancy. As a robustness check, the same specifications presented 
above were estimated with a restricted sample of mothers who became pregnant 
not long before they were interviewed for the SISBEN.53 In the estimations with 
the reduced sample, the peer effects coefficient remains positive and significant 
and, in most cases, of a similar or larger magnitude and always less than one.

Conclusions

This paper has presented evidence on the existence of endogenous peer effects 
that explain the SISBEN mothers’ onset of childbearing. In the preferred model 
specification, the endogenous peer effect coefficient is 0.7, which means that a 
reduction of one year in the age at first childbirth for all members of the peer 
group would cause a reduction of 0.7 year in the individual’s onset of childbear-
ing. The coefficient varies with different definitions of the peer group, but in all 
2SLS specifications, the coefficient for b in equation 13 is positive and strongly 

53.	 Three sample restrictions were imposed. The first sample only includes mothers who 
got pregnant at most two years before they were interviewed for the SISBEN, thereby exclud-
ing mothers who got pregnant before this two-year threshold. The second sample only includes 
mothers who got pregnant at most one year before they were interviewed for the SISBEN. The 
third sample only includes mothers who were pregnant at the time they were interviewed.
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significant. In the case of the preferred model specification, an increase of one 
standard deviation in the onset of childbearing for each member of the peer 
group will cause a significant increment of 3.1 years in the individual’s onset of 
childbearing. This increase of 3.1 years in the individual’s onset of childbearing 
for the sample of SISBEN recent mothers will correspond to a reduction in the 
prevalence of teenage motherhood of 20 percentage points.

In many aspects, Medellín is a good representation of a standard Latin 
American city, with high levels of teenage motherhood in poor neighborhoods. 
Peer effects are probably one of the factors explaining the generalized reduc-
tion in the average onset of childbearing observed in almost all Latin American 
and Caribbean countries. In the case of Colombia, this paper presents evidence 
that social interactions play a crucial role in the determination of fertility out-
comes and are one of the explanations for the increase in the teenage fertility 
rates observed in the last thirty years.

From a theoretical point of view, while individuals are best able to decide 
the right time to start a family, there are factors that interfere with this process, 
causing individuals to make inefficient decisions, such as teenage pregnancy. 
This paper provides evidence that peer effects are one of those factors. In the 
presence of peer effects, a high incidence of teenage pregnancies among the 
individual’s peer group will cause the individual to have her first child at an 
earlier age. Simulations based on the estimated coefficients of the model found 
that an increase of 10 percentage points in the adolescent fertility rate among 
the individual’s peers will cause a reduction of 0.5 years in the individual’s 
age at first childbirth.

It is not easy to think of a policy that can control a social force like peer 
effects. Nevertheless, spatial socioeconomic segregation exacerbates their neg-
ative effects. Many Latin American cities are socioeconomically segregated in 
the sense that there are big clusters of high-quality neighborhoods geographi-
cally separated from big clusters of low-quality neighborhoods. In segregated 
cities, individuals in poor neighborhoods have as their peers mothers who had 
their onset of childbearing earlier than the population average. In a situation 
like this, peer effects can be seen as contributing to the formation of poverty 
traps. Any social policy that promotes a more random spatial distribution of 
households in the city, in terms of socioeconomic conditions, would help to 
reduce the negative consequences of social interactions in fertility decisions.

Education plays an important role in delaying the onset of childbearing 
and thereby reducing the prevalence of teenage pregnancy. Some of the best 
estimated models reveal that women with completed college or some college 
delay the onset of their childbearing by almost three years, on average, in 
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comparison with women with incomplete elementary or no education at all. 
In addition, these positive effects of education may be exacerbated through 
social interactions as well. There may be additional strategies that yield good 
results in terms of preventing adolescent fertility and that operate by chang-
ing the accepted reference model of behavior.54 The effect of nonstandard 
interventions could be an excellent field of exploration for future literature.

Appendix A:  Comparison of the SISBEN Recent Mothers Population  
with the Estimation Sample

Table A1 presents the summary statistics and a difference-in-means t test 
for comparing the population of SISBEN recent mothers and the estimation 
sample. The main reason for excluding an observation from the estimation 
sample is that it cannot be linked to a previous SISBEN collection, in which 
case information before the pregnancy is not available.55 While the missing 
values generated in the estimation construction process should not necessarily 
follow a special endogenous pattern, some covariates show important differ-
ences between the SISBEN population and estimation sample. To verify that 
the determination of the estimation sample is not driving the results of this 
research, I estimate econometric models in which the process of selection 
into the estimation sample is modeled using Heckman selection procedures; 
the results of the endogenous peer effects coefficient do not show significant 
variation after controlling for the selection.56

Appendix B:  First-Stage Regressions

Table B1 presents the first-stage regression of the 2SLS procedures presented 
in tables 3 and 4. The instrumental variables change for each specification. A 
description of the instruments is provided in the main text, as well as in the 
notes to tables 3 and 4.

54.	 For example, La Ferrara, Chong, and Duryea (2012) evaluate the effect of soap operas 
on fertility in Brazil.

55.	 In order to compare the population with the estimation sample, this table presents the 
mother characteristics after the pregnancy. The reader may note that not having information 
from a previous collection is the most important reason for missing an observation from the 
estimation sample.

56.	 Following suggestions from referees, those results were ommitted from the final version 
of this paper.
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