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Abstract

This paper addresses the estimation of peer group effects on a fertility decision. The peer group
is composed of neighbors with similar socio-demographic characteristics. In order to deal with
the endogeneity problem associated to the estimation of neighborhood effects, an instrumental
variables procedure is performed. To control for the reflection problem, usual in linear effects
models, this paper uses an identification strategy that relies on the definition of peer groups at
the individual level. This paper provides evidence that peer effects explain the age at which poor
women in Medellin (Colombia) decide to have their firstborn. These social forces are hazardous

factors that may increase the incidence of adolescent pregnancy.
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1 Introduction

In the last 50 years there has been a substantial reduction in the world’s total fertility rate (TFR).
The Latin American and the Caribbean (LAC) region is not an exception to this rule, and it has
experienced a deep process of demographic transition. The reduction in the total fertility rates is a
homogeneous phenomenon throughout the entire region. An illustration of the state of demographic
transition in the LAC region can be observed from the behavior of the TFR during the first decade
of this century. The region’s TFR was 2.67 children per woman in 1999, and by the end of 2010 the
TFR was 2.12. Surprisingly close to the widely accepted replacement rate of 2.1.

The evolution of the fertility rate for young populations is especially important because of the
negative consequences of teenage childbearing. This is a problem widely associated in the literature to
low human development and poverty (Joshi and Schultz, 2007; Buvinic, 1998; Burt, 1998; Gage, 1995;
Singh and Waulf, 1990; Hayes, 1987). During the last decade, there has been also a reduction in the
Fertility Rate for women between 15 and 19 (FR15-19) in the LAC region. The FR15-19 decreased
from 83.95 children per 1000 women in 1999 to 71.68 in 2010. Certainly, this is an important reduction
in the FR15-19; nevertheless, in general terms it has been smaller that the reduction that the TFR has
experienced during the same period. Between 1999 and 2010, the reduction in the TFR was 26% while
the reduction in the FR15-19 was 17%. This is a very interesting phenomenon which, among other
things, implies that adolescent fertility has become a more important component of total fertility in
most of the LAC countries. This means that relative to adult fertility, adolescent fertility is becoming

greater and greater in Latin America.

With some exception like Argentina and Pert, the contribution of adolescent fertility to the total
fertility has increased continuously in almost all LAC Countries. As mentioned before, this is due to
the faster reduction of the fertility rate for the adult population in comparison to the rate for teenagers’
population (Florez and Soto, 2007B). A good illustration of this phenomenon can be observed from
the evolution of the ratio adolescent fertility to total fertility (per 1000 women). In 1999, adolescent
fertility was 15.72% of total fertility in developing LAC countries, and by 2010 this ratio had increased
to 16.29%. There are some remarkable cases as Brazil and Ecuador where the ratio adolescent fertility
to total fertility increased by more than 2 percentage points between 1999 and 2010. The result of this

phenomenon is, on average, an earlier individual onset of childbearing.

In order to find explanations to this interesting phenomenon, it is important to study the factors
that determine the age at which a mother decide having her firstborn. From an individual’s point of

view it may seems rational having a child early in life given her education, her household socioeconomic



conditions, and the characteristics of the social group at which the individual belongs to. This paper
will try to explain the mother’s chosen timing for the onset of childbearing in an urban context
in Colombia, emphasizing in the role that peer effects may play, 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 behavior is partly explained by the influence of other individuals’ behavior.
In economics this has been called social interactions (SI) or peer effects. There are several channels
through which these effects may take place; for example, individuals may learn from peer’s behavior
(social learning), or they may embrace the norms of the community in regards to socially accepted
practices (social influence) (Behrman and Watkins, 2001). The main purpose of this paper is testing
the existence and measuring the magnitude of peer effects on a fertility decision. The fertility decision
considered is the women’s age at the onset of childbearing. The mothers studied are a big sample of

poor mothers in the city of Medellin, which have their firstborn 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 LAC region, and certainly they could be a cause for the high incidence
of teenage pregnancy in some LAC countries like Colombia. There is evidence on the existence of
geographic sorting patterns governing the spatial distribution of several fertility outcomes in LAC
cities (Gaviria et all 2010). For instance, in poor neighborhoods women have more children and the
onset of childbearing is earlier than in other neighborhoods. Nevertheless, it has not been explored
the existence of peer effects in the literature about fertility in LAC countries. Several studies in this
literature have suggested that there has been an underestimation of the importance of contextual and
cultural factors. The influence of new social norms, like the general acceptation of an early beginning for
sexual relationships, or the influence of peer pressure are factors that have not given enough relevance
in the study of teen pregnancy in the LAC region (Florez and Soto, 2007B). In this paper, I use data
from Medellin to evaluate the existence of peer effects that influence the age at which mothers decide
having their firstborn. Medellin is an example of the urban context in Latin America; there are high

levels of adolescent pregnancy concentrated in poor neighborhoods.

I order to achieve the purpose of this paper, I estimate a classical linear-in-means model of social
interactions where the relevant peer effect groups are defined using weighting matrices with weights
defined using spatial and social distance criteria. In order to deal with the reflection problem, typical in
the estimation of endogenous peer effects models, I design peer groups varying at the individual level.
This strategy has been recently proved to successfully overcome the reflection problem (Bramoullé et al,

2009; De Giorgi et al, 2010). In addition, the definition of non-perfectly overlapping groups is useful to



overcome a second problem also typical in this kind of estimations, the endogeneity of the peer group.
The definition of peer groups that are different for each individual implies the existence of excluded
peers. They are peers of individual’s peers who do not belong to the individual’s peer group. Using
information from excluded peers, I construct instruments to estimate the social interaction models by
two stages least squares methods. For all specifications estimated in this paper the endogenous peer
effects coefficient is positive and significant. In other words, an important factor explaining a woman’s
decision of having her firstborn 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 member of the peer
group. Therefore, a woman has more probability of becoming a teenage mother if her peer group has

an important composition of teenage mothers.

From a social policy perspective this topic is crucial, given that pregnancy at an early age has
been widely associated with negative socio-economic outcomes for the mother and the child (i.e. Joshi
and Schultz, 2007; Buvinic,1998; Gage, 1995; Singh and Wulf, 1990; Hayes, 1987; Case y Katz 1991;
Grogger and Korenman, 1993; Hotz et al, 1999). These studies remark the fact that educational
achievements, health markers, and measures of involvement in risky behaviors tend to be worse for

teenage mothers and their children.

In section 2 of this paper I present a brief summary of the literature in which this paper fits.
In section 3 the theoretical foundations in which this paper is based are described. In section 4 I
make a description of the data. Section 5 describes the empirical strategy implemented to get reliable
estimations. In section 6 the results of the estimations are provided. In section 7 some simulations
and robustness checks are described and their results are presented. Finally in section 8, I present the

main conclusions of this paper, and some relevant policy implications are commented.

2 Related Literature

The fertility outcome of interest for this paper is the women’s age at the onset of childbearing. Most of
the literature related with this topic has been focused on the teenage childbearing, which is an extreme
case of early onset of childbearing. Several papers have been written on the negative consequences of
teenage pregnancy and childbearing (Joshi and Schultz, 2007; Buvinic, 1998; Burt, 1998; Gage, 1995;
Singh and Wulf, 1990; Hayes, 1987). Women who were mothers before their twenties are usually less
educated and wealthier that the ones who became mothers after their twenties. In the case of Colombia
for example, Florez and Soto (2007B) found that having a children as a teenager implies for that the
mother will get 3.9 years of education less than if she would have had the child in her adulthood.



There are several papers that describe and analyze the adolescent childbearing phenomenon in
Colombia and the LAC region (Florez and Nuifiez, 2001; Florez and Soto, 2007A; Florez and Soto,
2007B). One important remark from some of these papers is that the contribution of the teenager’s
fertility rate to the TFR has increased for several of the LAC countries (Florez and Soto, 2007B). More
recent data! on fertility rates confirm that trend for the LAC average. In terms of regional means,
adolescent fertility became a more important component of total fertility during the first decade of
this century. The average LAC proportion of teenage fertility in total fertility increased in almost
one percentage point during the period between 1999 and 2010%. This is not a phenomenon that take
place in all LAC countries, there are some important exceptions. For example, during the mentioned
period the ratio adolescent fertility over total fertility decreased in Peru from 11.19% to 10.22%, and in
Argentina from 13.02% to 12.5%. Nevertheless, for most of countries in the region this ratio increased
or remained relatively constant. In cases like Brazil this ratio increased from 18.38% to 20.71%, and
in Ecuador the increment was from 14.13% to 16.42%; for both countries in the period 1999-2010. In
the specific case of Colombia the ratio adolescent fertility over total fertility in 2010 was 16.81%, close
to what it was in 1999 (17.41%).

For the specific case of Colombia, several papers have used econometric models to explain the prob-
ability of teen pregnancy (Gaviria, 2000; Barrera and Higuera, 2004; Florez and Nunez, 2001). These
papers found evidence that low education, disadvantaged socio-economic conditions, and poor family
backgrounds increases the probability of teenage pregnancy. None of these papers uses longitudinal
information; therefore, it is not possible to use covariates before or at the time of the pregnancy to
explain the fertility decision. This may derive in endogeneity bias, as long as important explanatory
variables in these models are determined simultaneously with the pregnancy. In this paper I can know
the characteristics of a future mother before the childbirth, in that way I can control better for the
simultaneity of several covariates and the pregnancy. I addition, none of these papers emphasizes in
the role that social interactions may play in the determination of fertility outcomes. At the LAC
region level, very few papers consider seriously SI type or similar effects on fertility (Rosero-Bixby and

Casterline,1994; Lindstrom and Mufioz, 2005).

There several studies in demography and sociology on the role of SI in fertility outcomes. One
illustrative example of is the study of diffusion effects. A diffusion effect takes place when a behavior is
adopted and reproduced through the social networks. The mechanisms through which social networks

can perform an influence among its members include social influence and social learning. In order to

IPublic data from World Bank (http://data.worldbank.org/)
2The average ratio teenage fertility over total fertility was 15.51% for all LAC countries, in 2010 this ratio was on

average 16.29%



measure the diffusion effects, some papers in this literature have used, as explanatory variables in the
estimations, variables that describe if the woman discusses about contraceptive practices with relatives
or members of the community (Montgomery et al (2001)). Other papers have used aggregated fertility
levels (Montgomery and Casterline (1993), Rosero and Casterline (1994)) or the proportion of family
planning users in a woman’s network (Kohler et all (2001)). The empirical techniques often rely on

the use of longitudinal data at individual levels or aggregated data by geographical areas.

In economics, there is an important branch in the applied micro literature focused on the detec-
tion and identification of the group effects on many outcomes, including fertility. For example, the
identification of peer effects in education has been widely debated in several papers. Part of the dis-
cussion was originated with the publication of the Colleman Report (1966); in which one of the most
polemic findings was that students perform better if their fellow students are high achievers (Oates
et al (1992)). There are several papers that seek the identification of SI when the main dependent
variable is a fertility decision (i.e. Oates et al, 1992; Iyer and Weeks, 2009; Case and Katz, 1991). In
some of these papers, the authors have realized that the peer group itself is an endogenous decision,
and because of this the estimation results will be biased (e.g. Oates et al, 1992). As it will be discussed
later on in this paper this self-selection issue and the reflection problem®, pointed by Manski (1993),

are the main identification threats for empirical models of social interactions.

3 Theoretical Foundations

Let’s consider a representative woman 4, who derives utility from consumption z; and from children n;
(if she has). I will focus on the decision about starting a family or not; this fact will be represented
by the term c¢y;,. Therefore, any woman 4, with no children until the previous period, can derive
utility from her firstborn if she decides to become a mother in the current period; in which case,
c1ia = 1 where ¢1;4 € {1,0}. The subscript "a" represents the age of the woman, and the subscript 1
stands for firstborn. The total number of children is the summation of fertility choices (¢;4)* up to age
a, n; =Y 1o ¢y Additionally, if woman ¢ decides to become a mother, she will also get utility from
the quality of her child, g;. The quality of the child is a household production function that takes as
inputs education, parental time, or any other resources that can improve the child development. For

simplicity it is assumed that this representative woman solves a static optimization problem every year,

3The reflection problem is originated because the individual is influenced by the reference group, but at the same

time, an individual’s decision also determines the group behavior.
4 A general fertility choice is represented by c;q where c;q equal 1 if woman decide to have a childbirth (not necessarily

the first one) at age a.



instead of assuming that she maximizes her lifetime utility. This assumption allows the development
of a "demand for children" model similar to the one proposed by Becker (1981) in his book "A Treatise
on the Family." For the year in which the woman ¢ decided to have her firstborn or any year before,

the utility function can be represented by the following equation:

Ui,a = Ui.a (Clia, Zia, 4) (1)
At each age a, mother ¢ decides if she will have her firstborn in this year or not and her consumption

Zia, Subject to the standard budget constraint:

Pc-q-Ciia + T2 24,0 = Iia (2)

Where I;, denotes income, p, is the unitary cost of quality, and p..q.c1; 4 is the total amount spent
on the child each year, which is zero if ¢1; , = 0 (no child in this period). In addition, 7, represent the
price of the consumption good. Every year the woman i maximizes (1) subject to (2)°. The woman i

will have her first childbirth at age a if:

Ui (1’ Zi*,av q;ka) > Uia (0’ z;,av q:a) | pc@j- =+ sz?,u = Iiq (3)

Where the utility function is evaluated in the optimal quantities (2 ,,q;,). Starting from this
"Becker type" model I will introduce the possibility that the fertility variable can be explained by
social interactions. If social interactions have some impact in the fertility decisions, then the fertility
decisions of the peer group members should enter into the utility function of the woman i. Let’s assume
that there is perfect knowledge about the woman i's social network, and that the level of interaction
between a woman and a member of her peer group is perfectly measured by w;, where j is a generic
member of the woman 4’s peer group, and wj; is a normalized "interaction index." For several reasons
(social influence, social learning, etc.) one can assume that woman ¢ gets utility from exhibiting a
behavior similar to the one displayed by her peers. Therefore, optimization problem of the mother can

be can be rewritten as:

max Ui | Clia (Mia) s Zia, @iy |Mia — ij~mj s.t (2) (1a)
J#i

with {Cli,a =1if Miq > m;
Cli,a = 0 if miq < m;

5 After her first child the decision of women 7 will be whether or not to have her second child c2i,a € {1,0}. And her
budget constraint will be:
Pe-q + Pe-q-C2ia + T2 L5 0 = 1.

The quality is assumed the same for each child.



Where m;, is a continuous variable representing a fertility attitude or behavior of woman 4, and
my; is a continuous variable representing a fertility attitude or behavior of each member of the women
i's peer group. The term ¢y, is a function of m;,, and 7m; is an arbitrary threshold beyond which
a child is generated. One can think of m; as some continuous index revealing for example attitudes
toward sex or simply the desire of becoming mother; it is assumed that m; is under the mother’s
control each period. The term ) j£i Wj-my; represents the weighted average of the fertility behavior
among the peer group; the weights are the interaction indexes w;. This construction implies that the
stronger is the relationship between ¢ and j, the greater will be the weight than peer j has in the
computation of the average. The main hypothesis of this paper is that in every period the woman 1
will get additional utility from mimicking the behavior of her peers. Therefore, the contribution of the

term |m; — >, wj.m;| is assumed to be negative.

3.1 Determination of the age at the first childbirth

The discrete framework explained before is useful to connect the theoretical foundations to the empir-
ical approach. At every age a, woman ¢ solve the optimization problem represented in (1a) subject to

the budget constraint (2); therefore, the woman’s age at the first childbirth can be defined as:

Uia (L Z;Kaa Q:a’ ‘mf - Zg;ézwjmj‘) >
A; =min{ a € [12,45] s.t. Usa (o, 25, dhs ‘m —Zj#wj.mj‘) (4)

2
given that pc.q.ci; , + 7227, = La
Where a can only take continuous values between 12 and 45 given the biological fertility period in
the woman’s life. If one is willing to assume that individials are followers of their peers’ behavior®, it
would be interesting to ask what is the response of A; given a exogenous increase in m;. Let’s assume

that the individual already choose the optimal quantities of m

=z, and g, to maximize her utility. If
individuals follow the behavior of their peers, an increase in m; will produce an increase in m;. This
increase in m; could cause a jump in cj; , from zero to one if the increase is enough to overcome the
threshold m;. Then through this mechanism the mother will chose to have her first child in the current
period, at age a, and not latter; which can be interpreted as an effect of m; on A. In this paper I will
assume the existence of a continuous function G(.) that maps each possible combination of the inputs

in the utility function to single value A;. Therefore, A; can be written as:

am? > 0. In a continuous and simplified version of the model it is possible

6 Assuming this is equivalent to say that m
i

to find an expression for gm"
mj

derivative. Under some circumstances individuals are peer followers, but the contrary case it is also possible. A valid

. Under minimal assumptions, it is not possible unambiguously determine the sign of this

interpretation of the main question of that paper is testing whether or not the individuals are followers of the peers’

fertility behavior.



A =G| Ziay Qia, |Mi— ij.mj (5)

J#i
In forthcoming sections a linear approach to equation (5) will be proposed and estimated. The
main interest of this paper is the peer effects on A;, in other words, the influence that the behavior of
the peer group has on the women’s age at first childbirth. The prediction that can be derived from the
main hypothesis of this paper is that g% > 0. In terms of the dependent variable, this means that
mother 7 may find optimal reduce her age at her first childbirth given a reduction in the expectation

of this variable among her peer group.

4 Data

The System for Selecting Beneficiaries of Social Spending (SISBEN in Spanish) is a household targeting
system that has been used in Colombia from the lately 90’s to target social programs within the
poor and vulnerable. This system is based on assessment of living conditions of individual families
(Castaneda (2005)), and it is currently used to select beneficiaries of subsidized health insurance,
educational subsidies and conditional cash transfers in Colombia. The information in the SISBEN
databases could be considered as a census for poor populations; for example by 2002 60% of the total
population in the country was registered in the system, and about 30% received benefit (Castanieda
(2005)). The concise instrument to target the spending is a statistically derived "proxy means" index.
The computation of the index relies on information about availability and quality of housing, basic
public services, possession of durable goods, human capital endowments and current income. To
collect this information, a questionnaire was implemented using mainly two tools for selecting the
responders: using a geographical selection based on previous targeting systems, and by demand in

hospitals, municipalities’ offices, or other benefits suppliers.

The SISBEN was not initially conceived as a panel, but it is mandatory to update the information
every 3 years. This means that in crossing the information of the original collection and updates a
panel of the population surveyed could be constructed. For this paper the original collection and 2
updates have been used to construct a panel of 3 periods of information. Given that the survey was
not initially conceived as a panel, there is not an official ID to following the same individuals through
different periods. Nevertheless, there are mechanisms for matching individuals and households over
time; unfortunately, great part of the observations will be missed, but given that there is a huge amount

of observations in each period it is possible to preserve a satisfactory sample.

Given that the SISBEN is not a panel itself, the construction of the estimation sample is a process



that involves several stages in which data from different SISBEN collections and external data are
merged. As a result of this process the estimation sample is obtained. At this point is important to
make clear that recent mothers included in the SISBEN system (Recent SISBEN Mothers, RSM) are
the targeted population for this research. A recent mother in this paper, is one who had their first born
any time between the first and the third SISBEN collections’. Roughly speaking this is between 2001
and 2010. The conclusions derived in this paper are only intended to be applicable to this population.
Summarizing, the RSM are SISBEN surveyed women who became mothers or got pregnant, during
the period in which SISBEN information is available. A recent SISBEN mother observation belongs
to the estimation sample if it can be linked to a previous period. This is because I need to observed
the covariates explaining the decision about the timing for the onset of childbearing before (or at) the
pregnancy time. A summary statistics table comparing the RSM sample with the estimation sample

is provided in Appendix A of this paper.

The total sample of Recent SISBEN Mothers that can be identified in any of the three SISBEN
collection consist of 75768 individuals. Only a fraction of those individual may be linked to a previous
SISBEN collection, which is crucial in order to know characteristics before pregnancy. At the end,
the estimation sample consists of 11461 individuals. As mentioned before, the main reason for an
observation being excluded of the estimation sample is that it cannot be linked to a previous SISBEN
collection. Some covariates present differences between population and estimation sample, as the
reader may see in Appendix A of this paper, nevertheless robustness checks show that this is not an
issue driving the results of this research®. A whole subsection with more details on the construction

of the estimation sample is available upon request”.

5 Empirical Strategy

Empirically, the goal of this paper is the estimation of a single equation model where the dependent

variable is the age in years of the mother at the first childbirth!®. The main interest is the identification

"The average collection date of the SISBEN 3 is January 7, 2010 and the standard deviation are 57 days. The
average SISBEN 2 collection date is May 22 of 2006, and the standard deviation are 316 days. The average collection

date of the SISBEN 1 is September 9, 2002 and the standard deviation are 431 days.
8In order to make sure that the determination of the estimation sample is not a factor driving the results of this

research, as a robustness check 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 important variation after controlling for the selection.
9This section was included in the paper in previous versions of it, but following referees’ suggestions in order to

reduce the extension of the o paper I decided to separate this section from the paper and make it a supplemental section

available upon request.
10This variable is replaced by the age of the woman if she is pregnant by the time of the survey

10



of endogenous social effects that could explain the dependent variable. Usually, the estimation of these
effects is biased due to two fundamental problems, the reflection problem, and the group selection
problem. In order to deal with the reflection problem, I implemented a strategy similar to the one in
De Giorgi et al (2010). T am able to define peers groups that vary at the individual level. Once the
reflection problem is controlled, there is still an endogeneity problem because the peer group effect is
an individual’s endogenous decision. In order to face this problem, I perform a standard instrumental

variables (IV) methodology.

The instruments that I propose in this paper are based on the idea of using the expectation of
outcomes and covariates computed only for the excluded peers!!. These are peers of 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 exclude peers explain the fertility outcome of individual’s peers via
social interactions. In addition, there is not a direct effect of these variables on the individual’s fertility
outcome because it is assumed that any effect that excluded peers’ behavior may have on individual
behavior works indirectly through the effect of peers’ behavior on individual’s behavior!?. More details
on this will provided later on. The following section starts by describing the main challenges that the
estimation of endogenous peer effect estimation must face. These are 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 each one of them.

5.1 The Reflection Problem
5.1.1 Introduction to the reflection problem

Manski (1993) was the first paper to explain the concept of reflection in the literature about SI.
Basically, the reflection is originated in the fact that, inside a social group, individuals are influencing
their peer’s behavior and being influenced by them. The term "reflection" comes because one cannot
know if one’s action is the cause or the effect of peers’ influence (DiGiorgio et al, 2010). Consider the
following equation where y; is the woman’s age at first childbirth, z; represents a vector of individual
and family characteristics of ¢, E [y|N;] stands for the mean of y in the neighbors group of individual
i, and F [z|V;] is a vector that includes the mean of the exogenous variables z among those persons in

the individual i’s neighbors group.

yi = a+ PEIN] + B 2Ny + 2 + wi (7)

I nstruments of this nature have been proposed recently in the field (DiGiorgio et al, 2010; Bramoullé et al, 2009)
121p the case of exogenous covariates of excluded peers this statement can be formally proved in a system of equations

framework.
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This equation is the standard linear expression for the estimation of social interactions; it represents
formally two types of social effects. The most important effect is represented in the coefficient S,
formally known as the endogenous peer group effect. The endogenous effect is the response in the
fertility behavior of mother ¢ when the average fertility behavior of her reference group changes. The
reader may notice that 8 is the main coefficient that I am trying to identify in this paper. Nevertheless,
mother ¢ may behave similar to her neighbors just because their socio-economic characteristics are
similar and they share similar restrictions; that effect is usually known as contextual effect, and it
will be captured by the vector of coefficients v. Equation (7) is useful to illustrate the nature of the
reflection problem. Taking the expectation conditional on the neighbors group Nj, solving for E [y;|N;],

and assuming F [u;|N;] = 0, we get:

E [y:|Ni] = o+ BE [y|Ni] + E[2INi) v+ B [z Ni) (8)
BlulN = 125 + Bl (127) ©

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
that individual B is, it must be the case that individual A and C belongs to the same group. This
characteristic causes that the term F [y;|N;] appears in both sides of equation (2). In their 2010 paper,
DeGiorgio et al show that identification can be achieved if instead of fixed, for every individual, peer
groups are individual specific. If the neighbors groups are individual specific, the equation (3) can be

re-written as:

Elyi|Ni] = a+ BE[E (y|N;) |N;] + E [E 2| N;]' |Nz] v+ E[z|Ni]'n (10)

Where j represents a generic peer of the ¢'s neighbors group. Using a simple example in which the
peer group are individual specific, DiGiorgio et al (2010) revealed that the identification is perfectly

possible and that it relies only on observations with distinct peer groups.

5.1.2 Strategy

GIS information The relevant peer group for this research is a group of neighbors; these peers
are defined according to some criteria of proximity and similarity, more technical details on this are
provided in the next section. The relation with neighbors is by construction determined geographically.
Therefore, GIS information is required in order to know who the neighbors of each individual are. To

supply this necessity, the information provided by the administrative department of the city has the

12



official codification for the census tract and block where the individuals’ housing unit is located. Using
this information, I merged the SISBEN data with an ARC-GIS shape file containing all the blocks
in the city. As a result of this process, it is possible to know a closely approximated location for
every household in the panel'® in terms of their geographical coordinates'*. In order to illustrate this
procedure the following panel of maps shows the spatial location for all the SISBEN mothers in the

panel (more specifically, the location of their block’s centroid).

Mothers Panel S1, S2, S3

SISBEN 1 SISBEN 2 SISBEN 3
mom7 . mom$g
*  momd Barrios_Medellin Barrios_Medelin
Barrios_Medellin 0 1,800 3,600 7,200 Meters
I Y Y T |

Map 1: SISBEN (recent) mothers.

Each point in the maps (mom4, mom?7, mom9) represents the centroid of a block in the city,
where one or more recent SISBEN mothers live. As the reader may remember, the estimation sample
for this paper is a sample of SISBEN recent mothers. They are not necessarily beneficiaries of any
social program, but they are registered in the system. The polygons in the map represent the most
disaggregated geographical and political division in the city, "barrios" (neighborhoods). The maps
show that the surveyed mothers are not located in every neighborhood in the city. Very highly
valued neighborhoods, especially south-east, have low density of SISBEN households or nothing at
all. SISBEN population is the set of potential beneficiaries of social programs; therefore, SISBEN
households are usually poorer than the average household in the city. These maps at some extent show
the economic spatial segregation, and the sorting patterns in the city. Disadvantaged (presumably)

households are restricted to some areas of the city.

13The merge between the SISBEN panel and the GIS files for blocks allows, for most of the observations, to know the

centroids’ coordinates of the block where the household is located.
1 Not for every observation in the panel was successfully matched with the GIS file of blocks, especially in S1 where

the codification for census tracks and blocks was not available for all the observations. In those cases the centroids of

the most disaggregated political division (barrios) is used.
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Definition of the peer group The strategy used in this paper to overcome the reflection problem is
similar to the one explained in the section 5.1.1. Therefore, the whole point is defining neighbor groups
varying at the individual level. The basic idea in the definition of the reference group is to build a 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 the mother i, depending upon, the assigned
weight she has in the computation of Zj# w;;yj,where w;; is an element of W and y; is the Y's

element corresponding to the j** neighbor of 1.

The natural candidate for the weight w;; is the inverse of the Euclidean distance between 7 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 the mother ¢, located farther away than a prede-
termined distance d, should have no weight in the computation of the expectation; in other words,
they should not belong to the peer group of the mother i. Furthermore, the distance between ¢ and
her neighbors is certainly not the unique criterion to exclude some mothers from the #'s peer group.
There can be other social distances 5 (with £ = 1,2, .., K), such that, if neighbors are very different
from ¢ in any of the k characteristics, they also should be excluded from the i’s peer group. These
characteristics can be socio-demographic variables such as education, age, or income. In the empirical
work I defined several matrices using different criteria, and I estimate models using different matrices.

Formally the construction of these matrices can be represented as:

0 Slg.ﬁ SlN.ﬁ
W= Sgl.t 0 SQN.ﬁ (11)
Sn1 dn1 SN2 diIQ 0
W here
dij = f/(xi — )" + (yi — ;) (12)
Sij = 1{dij <J} X 1{‘53—5%’ <cp} X 1{‘52—5%’ <d2} X . X 1{}35—5?’ <JK} (13)

In the empirical work a standardized'® version of (11) is used. In expression (12), d;; describes the
Euclidean distance between mother ¢ and mother j, where z, y stand for the geographical coordinates.

In equation (13), S;; describes a multiplication of indicators of functions; these indicators of functions

15The standardized version of W is a matrix such that the sum of every row or column is equal to one.
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are equal to one when the condition inside of the parenthesis holds, and they are zero otherwise. The
first condition is the distance condition; any neighbor beyond some radius d is excluded (i.e. a zero
weight is assigned for that peer). The other conditions are the ones based on the socio-demographic
variables, if a neighbor differs from i, such that, for any of these characteristics |s; — s;| > d; then the
neighbor is excluded. Age and education are the socio-demographic variables used in the construction

of this matrix.

Figure 1: Peer group variation 1

Peer groups varying at the individual level In figure (1) each point represents the centroid of a
block, where a SISBEN mother resides; the polygons represent neighborhoods. Reader may notice that
mother B belongs to the mother A’s peer group, and she also belongs to the mother C’s peer group,
but A does not belong to C’s group and neither C belongs to the A’s group. When socio-demographic
restrictions are operating the variation is greater. In the following figure (2), mother A and B are very
close to each other; they live in contiguous blocks, but these mothers differ in some of the criteria used
to form the social groups. Therefore, despite the fact that they live very close each other, none of them
belongs to the social group of the other, and as it can be seen in figure (2) their peer groups are very
different. The red filled squares represent peers of individual B, and the non-filled squares represent

peers of individual A.

5.2 Fertility decision equation

The fertility decision equation describes how family and personal characteristics, and the decisions of
the peers, affect the age at which a mother decides to have her firstborn. The relevant information
that explains this decision is the information previous to the pregnancy, or the information at the time

of the pregnancy. The SISBEN information covers three different periods, based on those periods, I

15



Figure 2: Peer group variation 2

defined 5 different cases which describe the way how the information is used; the following timeline
defines each case:

Figure 3: Sample Cases

Case 5 Cased Case 3
| | 1 N
I I 1 .
52 33
51 Case 2 Casel

The wide line represents the time line for a generic woman in the sample. The thin line represents
different possibilities for the pregnancy time. In case 1, the woman got pregnant some time before she
was surveyed in S3, but after she was surveyed in S2. In this case, the covariates and the expectation
of the dependent variable among her peers are constructed with information from S2. In case 2 the
woman got pregnant some time before she was surveyed in S2, but after she was surveyed in S1. In this
case the covariates and the expectation of the dependent variable among her peers are constructed with
information from the S1. The other three cases (3,4,5) 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 the one represented in
equation (7), which is estimated for recent mothers. In order to measure the endogenous peer effects,
a nonparametric estimation of E (y;|G;) is included in the fertility equation (where j represents a

generic neighbor of the i’s neighbors group). The computation of this expectation'® is E (y;|N;) =

16The reader may notice that in some of the cases described before, this expectation is not computed using the
dependent 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 appears the expectation term in both sides of the equation
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> i WijYs where y; is the fertility decision of neighbor j, and w;; is the weight explained in section
5.1.2. In order to control for contextual effects a nonparametric estimation of E (z;|N;) is also included
in the fertility equation; similar to the previous case, this expectation is computed as FE (z;|G;) =

Zj# WijZ1j - Z#i wijzkj], where zj; is the neighbor j’s exogenous covariate z;. The following

equation is the one estimated in this paper.

B
yi = a+ f. Zwijyj + sz‘jzu Z wijZkj | Y+ vaébi + 2im + u; (14)

i#] J#i J#i b=1
Where y; is the age of the mother ¢ at first childbirth, z; is a vector of individual and household
characteristics. The parameter that represents the endogenous peer effects is 8. As it was mentioned
before, w;; represents an element of the weighting matrix W. The coefficient of interest in this paper
is B; nevertheless, it is important to control for other non-endogenous effects. In the presence of
these non-endogenous effects (contextual or correlated effects) the S coefficient could be overestimated.
Contextual effects!” have their roots in the fact that mothers in the same peer group have similar socio-
economic composition, and fertility behavior may vary with different socio-economic characteristics of
the group. Correlated effects may be important because individuals with the same characteristics or
who face similar institutional environments tend to behave similar (Manski, 1993). In many situations
the correlated and context effects are indistinguishable from each other because the characteristics of
the reference group have to be defined in terms of averages of the exogenous variables. In order to
control for these non-endogenous peer effects, I include in the regression the average of the exogenous
covariates among those persons in the reference group of mother 4. In addition, I include a set of dummy
variables vy, where b = 1...B is a index of the neighborhood and &;; is the coefficient measuring the

fixed effect of neighborhood b.

5.3 Endogenous reference group problem and IVs.

In the estimation of SI effects there is an additional problem that has to do with the determination

of the peer group. The problem arises because the peer group (neighbors or local residents) is often

(2)

17"Exogenous or contextual effects are associated to the fact that individuals behavior vary with some exogenous
characteristic of the group. The classical example is that in a classroom the achievement of a student may be explained
by the socio-economic conditions in a school district. The reader may consider for example a school district where all
student’s parents have college degree, and another schooling district where no parent has college degree. One would
expect that student achievement will go in the same direction of average parents’ education in the district; but, this
variation does not obey to any endogenous interaction between students. In equation (14), this is precisely what ~

coefficients are capturing, the variation of individual behavior given changes in average exogenous characteristics of the

group.
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itself a matter of individual choice (Oates and Schwab (1992)). In other words, individuals self-select
themselves in the peer group that best fits with their possibilities and preferences (unobserved factors).
When individuals make their residential location decisions, choosing the neighborhood in which they
want to live, they are at the same time choosing their peer group. Therefore, the expectation of the
dependent variable, conditional on the social group, is an endogenous variable. Technically, there can
be un-observables that are correlated with the location decisions, and they are also correlated with the
fertility decision. Given that the location decision determines the woman’s neighbors, an estimated
expectation of the mother’s age at her first childbirth (among a group of neighbors) is going to be

correlated with the error term wu; in equation (14).

The estimation of (14) by OLS will be biased, even after applying the proposed procedure to correct
for reflection. The direction of the bias depends on the unobservables driving the selection of the peer
group, and the correlation of the later with the unobservables determining the fertility decision. In
order to correct this bias, I performed an instrumental variable procedure. To obtain valid instruments
I take advantage of the peers group structure proposed in the paper; I use information of the peers of
individual’s peers, which are not included in the individual’s peer group. From now on this group will
be referred as the excluded peers (EP). Using the information of EP is a practice that has been used
very recently in papers that seek the identification of endogenous social effects (Bramoullé et al, 2009;

De Giorgi et al, 2010).

Expectation of covariates and the fertility decision among the EP should have a strong correla-
tion with the individual’s fertility decision. This happens through a series of interconnected social
interactions. EP exogenous covariates explain their fertility decisions and then via social interactions
individual’s peers fertility behaviors are explained by fertility behaviors of their peers (from the per-
spective of the individual they are excluded peers). By the same reason the fertility behavior of the
individual is explained by fertility behavior of their peers. In addition, it can be formally proved'® that

9 are exogenous to the

expectation of covariates and the endogenous outcome among excluded peers!
individual’s fertility decision. The intuition for this is that there is no direct effect of these variables
on the individual fertility decision; all happens through the relationship between EP and individual’s
peers. Several instruments are used in the paper, all of them using the principle of the "excluded

peers". I use the expectation among the EP of the fertility outcome, and the expectation of other

181n a system of equations framework, with one equation explaining the endogenous outcome for each individual it
is easy to see that EP exogenous covariates are exogenous to the individual fertility decision. Reader may refer to De

Giorgi (2010) for more details on the subject.
19Tn this case additional conditions are required. Ome of them is no correlation between EP unobservables and

individual’s unobservables.

18



covariates among the EP?".

6 Results

The empirical strategy described in the previous section implies that several specifications are possible.
This is because several matrices W can be used. The matrices are important because they define the
peer group that is allowed to influence the fertility decision. In the previous section two types of
criteria were mentioned as useful to construct the peer group: physical distance and social distance.
In this paper the characteristics for the latter that are included are age and education. The following
table defines the conditions inside the brackets of each indicator of function in the equation (13) that

were used for the regressions presented in this paper?!.

Networkingfevel Distancef{di) Agefai) Educationfej)
low | dilldj| <=500 |aillaj| <=5 |eilles] <=3
medium |ailaj| <=10 | eilles]| <=5
high | diCdsj| <=1000 | eilles| <=7

Table 1: Networking criteria

For each criterion (distance, age, and education) two or three levels of networking are used. In
each level different sets of peers are allowed to affect the fertility decision (the peer receive a nonzero
weight). Given the form of the restrictions these sets are nested. In the low level, the restriction in the
criterion (distance, age, or education) is the strongest. Therefore, the number of neighbors included
is smaller than in any other level; therefore, the number of peer excluded is bigger. In the medium or
high levels, the restriction in the criterion is weaker. Therefore, the number of neighbors included is
greater than in any other level. 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. Let’s consider for example the case of age. In the low networking level, a neighbor is
included in the mother i/s peer group if the age difference between the mother and this neighbor is less
than or equal to five years. In the medium networking level, the neighbor is included if the difference
is less than or equal to 10 years. Combinations of these restrictions will be used for determining the

different specifications that are presented in this section.

20The expectation of exogenous covariates among the EP is a source of a big amount of instruments; to gain efficiency
and make the specifications more parsimonuous, I selected the best of them in terms of the correlation with the endogenous

variable, and using overidentifying restriction tests.
210ther criteria were used as well, results are comparable with the ones presented in the paper.
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The following table presents a description of the covariates used in the regressions. For explaining
the fertility variable, the covariates included are variables that intuitively may have an explanatory
power in the decision about the age for the onset of childbearing. Taking advantage of the panel
constructed with the SISBEN information, it is possible to know these covariates before the pregnancy
time, or at the pregnancy time (in the case of mothers that were pregnant by the time they were
surveyed). The covariates included are personal characteristics as educational attainment, marital

status, employment status. Some household’s characteristics as income or house’s features were also

included.

Variable@escription Obs Mean Std.@ev. Min Max
Age@tdirst@hildbirth 11537  21.30164 5.037569 4 45
Education@ttainmentncomplete@lementary 11537 0.105833 0.307638 0 1
EducationfAttainment@ompleteRlementary 11537 0.154113 0.361073 0 1
EducationBttainment@ncompletethighBchool 11537  0.453758 0.497879 0 1
EducationBttainmentdncompletethighBchool 11537 0.242611 0.42868 0 1
Education@ttainment@omplete@®rincompletethighBchool 11537 0.02869 0.166942 0 1
Currently@nBchool 11537 0.34203 0.47441 0 1
Currently@inemployed 11537 0.081997 0.274372 0 1
Currently@ohabitating@vithBentimental@artner 11537  0.10878 0.311377 0 1
Currently@vidow 11537 0.0013  0.036036 0 1
Currently@ivorced 11537  0.012222 0.109878 0 1
CurrentlyBingle 11537  0.841987 0.364769 0 1
Women@nyBortphysical®rinental@isability 11537  0.005634 0.074852 0 1
Monthly@ncome®fEhefousehold 11537  459963.9 408176.3 0 6588608
Dummy:fivinglinthouse@®r@partment=1,Bther=0 11537 0.97105 0.167674 0 1
Dummy:fGooddrBtandard@uality@n@valls@naterial=1,Bther=0 11537  0.784693 0.411053 0 1
Dummy:GooddrBtandard@ualitydndloor@naterial=1,Bther=0 11537 0.357979 0.479427 0 1
ThethousedsBwniby@hethousehold 11537 0.480108 0.499626 0 1
Number®f@eenager@notherin@hetfhousehold 11537 0.584727 0.77156 0 6
Dummy:Btratum@qual@o2=1 11537  0.331195 0.470664 0 1
Dummy:Btratum@qual@o2=1 11537  0.568952 0.495244 0 1
Dummy:Btratum@qual@o3=1 11537  0.096212 0.294895 0 1
Dummy:Btratum@qual@o@=1 11537 0.000173 0.013166 0 1

Table 2: Summary Statistics

6.1 OLS and IV Regressions

In this section the estimation results are presented. I used different restrictions for the maximum
distance allowed between peers, and I conclude that the specifications that best fit the data are the
ones using matrices with nonzero weights for peers inside a ball with 1000 meters of radius, and center
in the mother i’s residence. Therefore, the results presented in this section are of the specifications
using this 1000 meter restriction by default. All regressions includes the set of neighborhood fixed

effects [> ", vydp;) and the set of contextual effects Z#i Wij21j - Z#i wijzkj} )
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As the reader may remember, the estimation sample used in the regressions is the sample of SISBEN
recent mothers that can be followed throughout the different collections of the SISBEN (cases 1 to 5
in graph number three). The expectation of the endogenous variable among peers is therefore defined
using that sample as well. Nevertheless, in order to reduce potential endogeneity of the contextual
effects, all the expectations of the covariates among the peers are computed using the sample of SISBEN
mothers which fulfill the conditions to be included as individual’s peers; this regardless of the fact they
are included or not in the estimation sample. The same strategy is used for the computation of the

instruments. That strategy substantially improves the quality of the estimations in the paper.

In the following tables, I present the results of the estimation for different specifications of the W
matrix and different set of instruments for a given W. Six different configurations for the peer group
are presented in the tables; each configuration is a combination distance, age and education restrictions
which define the peer group. All the restrictions of distance (d;,d;), education (e;, e;) and age (a;,a;)
are indicated at the top of each table according with the criteria presented in table (1). In the first
panel for example the configuration for the peer group includes peers located within a one-kilometer
radius from the individual; in addition, the difference in age between the individual and the peer should
be less than or equal to five years, and the disparity in years of education should be less than or equal

to 3 years of education.

Inside each table’s panel there are three subpanels; the first subpanel contains the OLS regression,
and the second and third subpanels represents the 2SLS Regressions. I use two instruments in the
regression in the second subpanel. The first instrument is the expectation of the fertility outcome
among the Excluded Peers??. The second instrument is the expectation of the fertility outcome among
the peers of excluded peers that at the same time do not belong to the peer group of individual’s peer
and neither to the individual’s peer group (second level of excluded peers). The instruments used in
the third panel are the expectation of some exogenous covariates among the Excluded Peers. I selected
two of the best instruments for each regression?®. The first stages for each one of the IV regressions
are presented in the Appendix 2. The coefficients of the neighborhood fixed effects and the contextual

effects have been omitted for presentational ease??.

Table (3) and table (4) contain three different configurations for the peers group each. In all

regressions the coefficient measuring the endogenous peer effects is positive, and less than one; in

22The process of identification of the excluded peers is developed in the following way. For each individual’s peer, five
of her closest peers are selected (in terms of the criteria discussed before) if they do not belong to the peer group of the

original individual. The same process applies for the second level of excluded peers.
23More details about these instruments can be found in the table’s footnotes.
24This information is available upon request
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addition, it is highly significant in all 2SLS regressions and in most of the OLS regressions as well. In all
specifications the OLS endogenous peer effects coefficients are smaller than the ones obtained by 2SLS.
In this setting is impossible theoretically predicting the direction of the OLS bias, it would depend upon
the correlation of individual factors driving the group selection with unobservables driving the fertility
decision. For some specific unobserved factors the bias would be certainly negative. Let’s say, for
instance, there is an individual’s restriction, unobserved to the econometrician, which have a positive
effect in the fertility outcome; this is, the restriction delays the individual’s onset of childbearing.
Consider for example the presence of credit restrictions; if credit restriction is an unobserved component
that influence the fertility outcome, probably, it will have a positive effect. The more restricted the
less prone individuals will be to starting a family. Furthermore, the more restricted individuals are
the more prone they are to living in bad quality neighborhoods, which are the ones with the smallest
average of the fertility outcome. Therefore, in that case the correlation of unobservables with the
endogenous variable would be negative and the OLS bias as well?®.

The endogenous peer effect coefficient is interpreted as the effect performed by 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 the 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 different instruments as well. As it was already mentioned
each set of instrument has their own advantages; the ones based on EP covariates are theoretically
exogenous, and the ones based on EP outcomes are expected to be stronger. The preferred specification
in this paper is the one described in panel [4], as reader may notice from the bottom of the table in this
specification a mother is consider an individual’s peer if she lives within a radius of 1000 meters of the
individual’s residential location, the age disparity with the individual is not greater than 10 years, and
the educational disparity is not greater than 3 years of education. This specification is preferred for
several reasons; the F test is remarkable high for the two sets of instruments used, the exogeneity test
is strongly not rejected in both 2SLS regressions, and the difference between both 2SLS estimation is
not very high. Nevertheless, the endogenous peer effects coefficients are specific for each definition of

the peer group; therefore, other coefficients based on alternative specifications are also valid.

The quality of the instruments included in the regressions is tested using a F-test of the instruments

25The final direction of the OLS bias could be more complicated in the presence of correlation of some groups effects,

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

22



26 The F statistics is presented at the bottom of each table; in every

in the first stage regression
regression presented in tables 3 and 4 the F-statistics is greater than 10, which is a minimal requirement
for the consistency of the estimators. The exogeneity of the instruments cannot be strictly tested;

t27 are always informative. In none of the estimations

nevertheless, over-identifying restriction tes
presented in table 3 and 4 the null hypothesis of the exogeneity of the instruments in the over identifying

restriction tests can be rejected.

The endogenous peer effects coefficient in the preferred specification and the best set of instruments
is 0.70 (Panel 4, table 4). This means that an increase one of lyear in the peers group’s average age
at first childbirth implies an increment of the mother age at first childbirth of 0.7 years. In several of
the alternative specifications the estimated coefficients are similar, but for some others, the magnitude
is substantially lower; nevertheless, in any case the coefficients are strongly significant. In order
to facilitate the interpretation of the endogenous peer effects coefficients, the results of a couple of
simulations based on the estimated coefficients are presented at the bottom of table (3) and (4). In the
first simulation, the incidence of teenage motherhood among the individual’s peer group is increased in
10 percentage points. In order to do this, I randomly assign an age at the firstborn of 16 to members of
the individual’s peer group. I do this until the percentage of teenage mothers increase in 10 percentage
points. In the second simulation, the age at the onset of childbearing is reduced in one standard
deviation for each member of the peer group. In the case of the preferred specification an increase
of 10 percentage points in the incidence of teenage motherhood would reduce the age at the onset
of childbearing in 0.5 years. On the other hand, a reduction of 1 standard deviation in the onset of
childbearing for each member of the peer group will reduce the individual’s onset of childbearing in

more than 3 years.

26The null hypothesis of the F test is Hg : §1 = 0, 2 = 0 Where 01,02 represent the coefficients of each instrument

in the first stage regression.

27The over identifying restriction test is obtained as N.R2;

~; where N and R, come from an auxiliary regression of u;

on [X Z]. In this auxiliary regression X stands for the matrix of exogenous covariates and Z stands for the matrix of
instruments (Wooldridge, (2002)). N.R2 is distributed x2? with freedom grades equal to the number of overidentifying
restrictions. The null hypothesis of this test is the exogeneity of the instruments, mathematically Ho : E (Z'u) =0

23



(zvz0) (6€7°0) (62°0) (tsz°0) (ovz'0) (stzo) (8sz°0) (ssz0) (T67°0)
+807°0 +807°0 *VvP0 #+65°0 ++567°0 €ST°0 +6T7°0 128740) 60T°0 Aljiqes g eluaugnq|edtshyd
(901°0) (€ot°0) (660°0) (ozT°0) (c01°0) (vot°0) (s¥1°0) (veT0) (601°0)
[ANI] #+CCT0 +ELTO €210 #+8TT0 65T°0 600°0 1900 ¥20°0 3|8uls
(z6T°0) (L6T°0) (¥81°0) (e0z0) (961°0) (881°0) (sez0) (ogz0) (otz°0)
LT0'@ 9T0'@ vIT @ vera@ yIT'@ YT 8@ €7@ L6T @ padionig
(96€°0) (£9g0) (Lv€°0) (6v17°0) (60t°0) (s6€0) (5€5°0) (86t7°0) (65t7°0)
S6T°0 S1Z0 6vT°0 1Z4%0) €VT°0 ST00 ¥20'@ 8700 LT0°'( MOPIM
(TzT°0) (sTT°0) (zTT°0) (seT0) (£TT°0) (9TT°0) (191°0) (6¥1°0) (szT°0)
#4x0VE M 4xV6C W x4xLEEW 4440V E  5448TE W 444SLE M 4548600  suxlfV’ (@ 544087 Jaupedi|eluswnuagymMiSulieiqeyod
(€90°0) (090°0) (z900) (#90°0) (z900) (€90°0) (0L070) (690°0) (890°0)
*#+5CE0 #+%GTE0  #x+0CE0  +4+00€°0 #4+882°0  44+T0E0 4440970 #+x097°0  4xx692°0 pakojdwaun
(950°0) (950°0) (T90°0) (T90°0) (850°0) (£50°0) (850°0) (850°0) (850°0)
+#x65T°0 #x%6GT0  «LTT0  4x09T°0 ##%88T°0  44486T°0  +44+S6T°0 #+%C0C0  +4xG6T°0 |00Y2 FOERSISSY
(e62°0) (98z°0) (t62°0) (t6€°0) (v8€°0) (68€°0) (£L¥0) (£5¥°0) (szv0)
*+x9EET #xxl6V T 4x4T98°T  #44CLT'T #+x0S9T  4xxSVST 98L°0 #%0S6°0 S6T°0 989||oawog 28310
(9vz°0) (stzo) (£2T0) (98¢€°0) (z6€70) (66€°0) (65t°0) (157°0) (tvt°0)
##x56C'T #4xCCV' T 42x079'T  44x009°C #4xVT6C  444508'C  #4CLT'T #4xL0E'T 045°0 [ooydEYSIH
(L2T0) (602°0) (tTZ°0) (60€°0) (61€°0) (£5€°0) (8vt°0) (zvv0) (sev0)
++x€T9°0 #xxTVL'0  4x4GV6'0  4x498E'T #4469 T 4xx9EV'T 9%5°0 0690 200°G@ [ooyogysiygawos
(zezo) (90z°0) (soz'0) (982°0) (s6z°0) (€0€0) (8zv0) (91°0) (szv°0)
#+xLTL0 #%x9E8'0 442960  4x+LE6'T #+x8C0C  4x4ET6T 2990 +G9L°0 950G Aejuswa|3
(80z°0) (602°0) (80z°0) (6£7°0) (£87°0) (€67°0) (90t0) (s6€°0) (16€°0)
+%x5G8°0 #340€6'0  4x4L0T'T  4x4€99'T #3xOVL' T 44x€99'T T€T0 6€€°0 S0€'@ Arejuswa|@awos
(Toz0) (s80°0) (Tv0°0) (6£1°0) (T80°0) (£€0°0) (¥91°0) (e11°0) (820°0)
++0EV°0 +++E8T0 440600  +4+ETS0 #+G0T°0  4x4PPT'0 4446750 #+xE0V'0  4xxGLTO Am
Jddxmvasise ddAmgisise S10 ddxavrsisz ddAmvgisisz S10 ddxaeisisz ddAmvEisisz 10
SOVTT SOYTT SOYTT SOVTT SOVTI SOYTT N
2980 998°0 0S80 198°0 0€8°0 0v8'0 paitenbsy sajqelen

L=>[b3112] ‘G=>[ Lo 120 ‘41> | Lpiap| G=>]L3123) ‘g=> (Lo 2n] ‘q1>[LpIep| g=>]L3(123) ‘g=>[Lv2n] ‘41> LpI2p/

€]

[e]

(1]

(€] “[e] [1] suorreoyadg symsey uoreWISY ¢ S[qRL,

24



|9ASEIUDDIDE0 E @IV BD I US IGH,
*|SAJFIUDIISFI G} BIIU LD 1 1US IG5

*[SASIUDISW TIRIU I IUB IG5

*dnoJgeagayE@Iaqwaugyd egJogulieaqp|IyEy@la SUgaYEUEUOIIBIAS@P BPU BIE E@UOIIONPIEBAGPa SN eglu0IARY @Al 1349 ENPIAIpURUERSURYTH( L)
dnouguaads,|enpiAlpugayESuoW gIpooyJlaylougadeuasEy@eouapdugayEuEsiuiogadeiusdiado E@aseaJdougugAgpasneguolneyagAll| il of| enplAlpugugasSuey(9)

(san|endisaEuewssn e Euo11d111SaESUIA}IIUBPIIAAQ(S)

*TWN}eJ1gSEaAIleuld} | gPaniw@ayg swesdoldsalpisqn g1as. egopASale 1 gels geliquo|oJugspooyJoqysia@ayEy@uolledlyisSe|moIwouodFo 100 g SEW Nl eng)(y)

sJ9agipapnpx@aygsuow gs|el4a1eugs||eMguUBA} | eNlZpI EPU BIGIPU BIMOPIAE: S| el B/ YE@UOIIBI03dXZDYE:PaSMma. BSIUWNIISUTOME(€)

siaagpapn|axgayESuow gs|eliareugs||engugAll|entgpiepuelgipugada|jograia|dwopu ga1a|dWwoduf: sa|q el efgayE@uolle1dadx@aym’ pasmEal gjS1uawnilSUEoME(z)

*S199gPapPN XTI EY @I EPIPN[IXFIYESUOW EBWOIINEIYEEUO11e102dXFIYEPU B SI99dPapn |9XETIYESUOW gaW 003N YEy@uo11e103dXFIYE: pa SMIa. gISIUaWNIISUEOM E(T)

"199PAPN IXEIYEP
9.1g1S193¢PaPN2XFRIOUFRIIYNIBU@IYESEYDIYNE-€=>| [@13 | ‘5=>| leie| ‘000T=>| [maIp fu

ENPIAIPUEAYEUIIMIDESIDIDUE0S ZY@IU IS |FWN WU IUE &S SO W 249 [P a3ua s3I uo1} ew. O UEJFUGP DS EESIUSWNIISUE| \E' P 3 2.3 U O R RIMEIE
149@dN0JBH22E3 SMYSIUSWNIISUE|\E SOSDYIUSJ BFUESIOII P BPURLEISNQOR: SOION

¥S'T 10T €8T SL°0 90'¢C LST ,uone|nwigpuodas
T€0 (eralo] SE0 10 LE0 8C°0 mco:m_:c.:m“m_i
LLO 86°0 660 86'0 99'0 S50 2NIerdidio
6797 0L°0€ €0°LT '8 9€'TT LTYT E|
saA saA sah saA saA saA saA saA saA 5109443 | BNIXIUOD
saA saA saA soA saA saA =N saA saA s1094)FpaxIFpooyioqdiaN
(zot'0) (0ot°0) (tot0) (tot0) (860°0) (001°0) (zet0) (911°0) (601°0)
€20'®@ 920’ S50°'@ 9T0'®@ 9z0'®@ €T0'®@ 0z0'@ 870'(@ 1€0°'@ &, wnens
(550°0) (550°0) (£50°0) (190°0) (650°0) (090°0) (¥90°0) (z90°0) (¥90°0)
910G ST0'(@ veo'@ S20'@ 0€0'@ €€0'G 6€0°G £70°'( SL0°G @, wnens
(¥20°0) (zzo0) (zeo0) (szo0) (v2o0) (vzo0) (920°0) (szo0) (¥20°0)
#54660°0@  x4xC0T'QE  4+4+80T' Q@  444660'0@  +4460T'® 444VTT' 0  4x4G60°0@ 444860  4+L0T'CE P10Y3SNOYaYEUESIdYI0WEU 2 3 QE#
(zv0°0) (1%0°0) (t%0°0) (9v0°0) (v¥0°0) (sv0°0) (v¥0°0) (¥¥0°0) (v¥0°0)
€500 7500 ¥90°0 SL0°0 1L0°0 ¥6L0°0 7900 1900 %LL0°0 ployasnoyaypAgpaum@sgasnoy
(ov00) (£€070) (9g0°0) (ev00) (8€00) (8€0°0) (tv0°0) (ov00) (6€0°0)
¥¥0°0 6500 £090°0 8200 6500 €700 5200 0v0°0 8€0°0 |eldleugloo|guehll|entgpiepuel gi@poo
(¥¥0°0) (ev00) (¥¥0°0) (9v0°0) (#¥0°0) (ev00) (6v0°0) (Lv070) (sv00)
6700 8500 8700 6900 +180°0 5900 +880°0 +%L60°0 T/00  |eddieugs||eMgughll|enkgpiepuelgiqpoon
(€1T°0) (€01°0) (901°0) (teT0) (s0T°0) (ozT0) (zeT0) (€zT1°0) (ceT0)
8TT'( arTeE S9T'(@ SCT@ SeT@ v6T'(@ €60°'G 0T ® +8TC (@ juswyedgugduinl|
(000°0) (000°0) (000°0) (000°0) (000°0) (000°0) (000°0) (000°0) (000°0)
++%000°0 ++x000'0  4x+0000  £%+000°0 +£x000'0 440000 4xx000'0 #%x0000 %0000 BWOdUEP|0Y3SNOWA|YIuOA

(e8ed snoraerd w01y PaNUOIILNUIIUO))) SIMNSIY UOTIRWIISH ¢ SR,

25



(t1€°0) (06Z°0) (vLz0) (ove0) (s0€0) (vLE0) (sT€0) (sze0) (T6€°0)

6T7'0 96€°0 £097°0 +199°0 #8950 L0T0 #+299°0 #+C89°0 7810 Anjigesigleiusugiqedishyd
(¥17°0) (801°0) (801°0) (teT°0) (ozT°0) (£tT°0) (6€1°0) (6¥1°0) (8TT°0)
170G 010'® 600°0 S6T'(® S60' ¥80°'(@ +LST® #LST @ *+SVT @ 3|8uls
(881°0) (z61°0) (s61°0) (v1z0) (otz°0) (60z°0) (esz0) (T9z°0) (tsz°0)
ST00 9€0°'@ 660°'G 9TT'(@ (o] a0 vera@ 1ST'M@ [43003] T6T°( padioniq
(9£¥°0) (Tzv0) (oLg0) (0t5°0) (T¥¥°0) (sov0) (s£5°0) (0090) (£0s°0)
STT0 €6T°0 0020 v61°0 12440 LTT°0 670°@ £70°@ €V0'® MOPIM
(zeT0) (veto) (veto) (8v1°0) (veT°0) (e€T°0) (€91°0) (€£1°0) (evT°0)
w4k EEV M 4axl8E M waalVEW  x4x8LG W  44xlSV W  sxaTEV'E  54xGTIW  444EET WM  444V95 M@ Jaunedgeiuswnuagyiimeduneiiqeyony
(z£00) (£90°0) (£900) (8£0°0) (t£00) (z£00) (€80°0) (080°0) (180°0)
*4+CLY0 2xxlTV'0  4x496E'0  #x+EIV0 #4+907°0  444T8E0  44x907°0 +2xCCV'0  4x40LEO pakojdwaun
(££070) (990°0) (T90°0) (080°0) (£90°0) (z90°0) (890°0) (690°0) (590°0)
L0T'@ 9z0'@ 1200 ) A0 +CCT'@ LSO'G  «x466T'G  «x4LCT@  487T'@ |00Yd WOERSISSY
(zov0) (vov0) (zevo) (T9v0) (8€¥°0) (zevo) (S9¥°0) (££¥0) (¥99°0)
#xxVOL'E #4xCL8'E  444666'€  4xx6L5T #4+7€8'T  44xTOT'E  44486L°C #xx6VLT #%L6S°T 933||0mawWo g 383(|0)
(91€°0) (t1€°0) (9z€0) (TL17°0) (vst0) (67¥°0) (65t°0) (89t°0) (829°0)
*xxLlV6'T ##489T°C  44xL6CT  #4x6TET ##x0SGT  #x4E8L'T  44x008'C #xxC8LT  4wslTLT [ooydEyYsIH
(08z°0) (€£2°0) (¥82°0) (LL€70) (z9g0) (69€°0) (£vv70) (65t°0) (¥65°0)
#4xTVO'T #3xTECT  saaV TV T 4a¥L60 #3xCECT  4x4T6ET  4448€ST #%xGCS'T L6%°0 ooy gyS1gawos
(88z°0) (6LT°0) (98z°0) (sLe0) (t9g0) (65€°0) (zevo) (8vv°0) (€65°0)
#%%GLO'T #xxESTT  44a887'T  44x0TT'T #+x€0CT  waaPTET 444875 #++EEST LTE0 Aeyuswsa)3
(t87°0) (08z°0) (s8z°0) (vse0) (6€€°0) (se€0) (66€°0) (eTt°0) (9€5°0)
w24 CLT'T #3xE8TT  4usEEV'T  444EC70'T #3xC80T  4xsTOT'T  444TSCT ++4x0ETT 8TE0 Arejuawa|@awos
(stT0) (T60°0) (¥¥0°0) (soT0) (s80°0) (0s0°0) (seT0) (¥1T°0) (tvo0)
+%%G09°0 +%+E6C°0 €€0°0 #%%099°0 +%G8C°0 5900 +%+E85°0 #%x969°0  4xx66T°0 A

ddxpVErs1ST Haa>\<m_“m._mw S10 ddxpgrs1ST Haa>\<m_“m._mN S10 maax\s@”m._mw Haa>\<m_“m._mw S10

SOVTT SOVTT SOVTT SOVTT SOVTT SOVTT N
6€8°0 LY80 6180 1€8°0 0080 ¥6L°0 pasenb gy sa|qelep
L=>[La02a ] ‘G=>[ Lo ‘1> [ Lpnap) G=>[La12a] ‘G=>|Loren] ‘yr>[Lpep] g=>[Lam22) ‘g=>[Lorien] 4>/ Lpep
[o] [s] vl

[9] “[g] ‘[p] suorreoymadg symsey wonewIISH F O[qeR],

26



|9ASEIUS2I2 G0 T BIIU LD Y IUS IGHT,

*|9AS[IUS2I G FI IV LI IUS IGH], 4

*|SASFIUDIISE T BIU LI YIUS Gy

*dnoJguaaayE)@IaqWauRYd e@UoESuUlI eS| 1Y@ S SUESYEUEUOIIBIASRIPJ EPU BIE F}@UOIIINPIE@AGIPS SN eRLOIABYS@ALI| 1149 | ENPIAIPURURRSUBYT( L)
dnoJguaads,|enpiAlpugeyESuow gpooyaylougaseuasfy@aduaplougayEuEsiulodaseiuadlagio @ sealdupu gAgpasn egluolneyaqAll|11iaf| enplAIpugugasuey(9)
(san|endjisaguewssnepguolldI1saEsulA}IuapLIaAQ(S)

*TWN1eJESEaAIIBUISY BIPANIW@AYE swelSoldsaIpisqn g198. eEopASa1 el g1@lS @eIqWOo|oTUESPOOYI0qySIa@ayE@UOI1eI1ISSE|EIIWOUOIFO 120§ ISEW NI BIIE]( )
s199@Ipapn|IXFIYESuowW gs|eli21eugEs||eNgUEAL | ENlgpI B PU BIEIP U BIMOPIAE: S]] Bl BARYE}@UO 11210 9dX @ DYE! PSS BISIUSWNIISUFOME(€)

si2agpapn|axgayESuow gis|elia1eugs||engupAll| enkgpiepuelgipugadas|jommaia|dwopu ge1a|dWwoduf: Sa|q el efgayEi@uol1e1d9dxgayE: pasmEal gjS1uawnilSUEoME(z)
*S199@P3aPN [PXTRYEY @I EPIPN [OXFIYESUOW BIDWOIINGIYE@UO11e10dXFIYEPU 1 SI99gPapn|dXFIYESUOW gaW0dINE@aYEy@uo11e103dXFdYw: pa Mo &ISIUaWNIISUEoME(T)
*193@PaPN|IXFRYEPU & eNPIAIPUERYEUIIMISESI919UF0S ZY@IU LIS FWNWIUIUEE]S SO WE 913 FPo1UaS24¢UO011 B WIOJUEdEU@PS S EISIUSWNIISUE| [\ P91 49U S S
21g|S199@Papn|IXFJouERIayNgSU@aYESEYDIYNg:e=> | [Fa| ‘'s=>|leie| ‘000T=>| [@!p puoniuya@dno.gaa@asmsIuawnIISUE| [\ S9SaYlual equESIOLIZPJepuU Rl FISNO: SS10N

0Lt €ET LT 6TT 09C [4%3 ,uoneinuigpuodas
670 ¥T0 570] 0z0 0 €50 guonenwisnsIg
860 L20 00T 0€0 860 00T 2NIeAdalo
08'%C €6'LTT 9%'8T ws8 S8°0C SE°0S E|
saA saA saA saA saA saA saA saA saA 5103443 | BNIXDIUOD
saA saA saA saA saA saA saA saA soA s1094)FpPaxIFpooyioqdiaN
(ozT°0) (9t1°0) (9t1°0) (zet0) (911°0) (£t1°0) (v€T°0) (,€1°0) (,€T°0)
¥00°G@ ST00 L20'@ 8T0'(@ 900°'@ ST0°0 6v0'(@ 870" S80°@ g, wnens
(z90°0) (090°0) (T90°0) (690°0) (£90°0) (890°0) (zL070) (zL00) (€£0°0)
€10°'G S00° 600°Gd 9€0'@ 2€0'@ 900'(@ 0L0'G@ vL0'G@ 880'(@ @, Wmens
(¥zo0) (¥zo0) (vzo0) (9z00) (szo0) (szo0) (2zo0) (£zo0) (Lzo0)
#5480T' @ 4aklTT W waaVCT W 4aealTT® 448CT W 44x9ET W 4440ET'®E  444STT M 4440VT'® P10Y3SNOYaYEUESIdYIoWgu 2 3 @
(s%0°0) (¥¥0°0) (sv0°0) (050°0) (6%0°0) (6%0°0) (050°0) (150°0) (050°0)
6500 0900 0900 200 TL0°0 LL0°0 190°0 LS00 €L0°0 ployasnoyayrAqpauma@sgasnoy
(ev0°0) (zv0°0) (ev00) (sv0°0) (ev0°0) (sv0'0) (670°0) (870°0) (6v0°0)
#8L0°0 #+780°0 ++960°0 +SL0°0 ++€60°0 #+C60°0 6L0°0 SL0°0 +180°0 |elaleugioo|guphll|entgpiepuelgu@poos
(0s0°0) (£v070) (£¥0°0) (zs00) (Lv070) (9v0°0) (950°0) (£s0°0) (€50°0)
100 1900 1500 +C0T°0 +580°0 €00 +60T°0 #+9TT°0 8500 |eualeugs||emguphil|entgpiepuel gi@pooo
(c01°0) (Tot°0) (£60°0) (8TT°0) (601°0) (901°0) (911°0) (911°0) (Crano)]
6¢1°( vET'@ wra ST 6L1°( +88T'(@ €T @ vIT@ ++0LT @ juswpedgugduinl|
(000°0) (000°0) (000°0) (000°0) (000°0) (000°0) (000°0) (000°0) (000°0)
+%x000'0 +%x000'0  4x+000'0  £4+000°0 +%x000'0  4%+0000 40000 +%+0000  4%+000°0 BWOdUEP|0Y3SNOYA|YIUOA

(e8ed snotaerd woI] PANUOIIRNUTIUO))) SHMNSAY UOTIRWIISH ‘F SR,

27



Almost in all 2SLS specifications higher educational achievements, especially complete high school
and some college, have positive and significant effects. These coefficients are smaller in the specifications
where the educational disparity restriction between individuals and peers is strong (panel 1). When this
restriction is relaxed the estimated coefficients for educational achievements are such that having some
college or beyond implies at least two years of delay in individual’s onset of childbearing. The positive
effect of unemployment is significant in all specifications, which capture the fact that everything else
constant unemployed women are less prone to starting a family. 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 for cohabitation with their sentimental partner is always negative
and significant; therefore, personal relationships out of marriage have a negative effect in the fertility
outcome. The variable number of mothers who had their firstborn when they were teenagers, and
that currently live together 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.

In order to put in context the effect of the endogenous peer effects presented in the previous
tables. It may be useful to compare the magnitude of the endogenous peer effect coefficient with the
magnitude of other variables’ coefficients. Using the results of specification number 4, one can see that
the effect of a reduction of one year in the age at the firstborn for all individual’s peer is a reduction
of almost 0.69 years in the endogenous fertility outcome (using the WY set of instruments in the third
column). This reduction is similar in magnitude to the one associated with the dummy variable for
cohabitation (-0.63). In other words, the peer effects have almost the same effect on the endogenous
fertility outcome as the important individual decision of cohabitating with a love partner. Another
interesting comparison can be made using the results of specification 4 is the following. The effect of
college or some college on the fertility outcome studied in this paper is a significant delay of almost 3
years in the age that women decide for the onset of childbearing. The response of the individual given
an increase of one standard deviation (5 years) in the age at the firstborn of all members of her peer
group, would be a delay in the age that women decide for the onset of childbearing of almost 3 years.
In other words, a big perturbation in the peers’ fertility outcome (one standard deviation) would have
the same impact of having college or some college on individual decision for the onset of her childbirth.

These comparisons give an idea of the importance of the endogenous peer effects.
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7 Robustness

As the reader may remember, information before or at the time of the pregnancy was used in this paper
to estimate the fertility equation. A potential drawback of this methodology is the following. If this
information is much time before the pregnancy, it may not describe the characteristics of the mother
at the real time of the pregnancy. The covariates and the expectation of the dependent variable used
in the previous section estimations are constructed based on information that may be from several
years before woman’s pregnancy. For example, consider a woman who got pregnant before she was
interviewed in S3 and after she was interviewed in S2; there can be more than three and a half years
between these two events because the average date of collection for S3 is January 2010, and the average

date of collection for S2 is May 2006.

The purpose in this section is testing if the peer effect coefficient is sensible to changes in the
amount of time allowed between the pregnancy and the time when the information is collected. This
robustness check consists of the estimation of the same specifications presented in previous section, but
the sample is restricted to mothers who were pregnant not much time before they were interviewed in
the SISBEN. The fertility equation specifications, [1] to [6], are the same as indicated in the tables’ (3)
and (4) headlines. Three sample restrictions are imposed, which are denoted by A, B, and C in table
5. Sample A only includes mothers who got pregnant at most two years before they were interviewed
in the SISBEN, mothers who got pregnant before this 2 year threshold are excluded from the sample.
Sample B only includes mothers who got pregnant, at most, one year before they were interviewed
in the SISBEN. Finally, sample C only includes mothers who were pregnant at the time they were
interviewed in the SISBEN.
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As a result of the restrictions, the sample estimation is significantly reduced. In the first restriction
the sample is reduced in about 1/3, in the second the reduction is about 1/2, and in the last one
the reduction is about 2/3 of the sample. In the case of sample reduction A and B, the peer effects
coefficient remains positive and strongly significant; in most of the cases similar in magnitude or bigger,
but always less that one. In the case of restriction C, where only mothers who were pregnant at the
time of the interview are included in the sample, with the exception of a couple of specifications, in
all the others the endogenous peer effect coefficient is positive and significant as well; furthermore, the

magnitude of the coefficients remain similar or bigger and always less than one.

8 Conclusions

This paper presents 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 coeffi-
cient is 0.7; which means that a reduction of one year in the age at first childbirth for all members of the
peer group will cause a reduction of 0.7 years in the individual’s onset of childbearing. Using different
definitions for the peers group the coefficient may vary, but in in all 2SLS specifications presented in
section 6 the coefficient for 3 in equation (14) is positive and strongly significant. From simulations
based on the estimated coefficients I obtain that, in the case of the preferred model specification, a
reduction of one standard deviation in the onset of childbearing for each member of the peer group will
cause a significant reduction of 3.1 years in the individual’s onset of childbearing. This reduction of
3.1 in the individual’s onset of childbearing for the sample of recent SISBEN mothers will correspond

to an increase of the teenage-motherhood prevalence of 20 percentage points.

In many aspects Medellin is good representation of a standard LAC city; with high levels of teenage
motherhood in poor neighborhoods. Therefore, peer effects are probably one of the factors explaining
the generalized reduction in the average onset of childbearing observed for almost of LAC countries.
In the case of Colombia this paper present evidence that social interactions play a crucial role in the
determination of fertility outcomes, and is one of the explanations for the increase in the teenage

fertility rates observed in the last 30 years.

From theoretical point of view, individuals are able to decide the best time for starting a family;
nevertheless, there are factors that interfere with this process and individuals end up making inefficient
decisions, as teenage pregnancy for instance. This paper provides evidence that peer effects is one

of those factors. In the presence of peer effects high incidence of teenage pregnancies among the
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individual’s peer group will cause reductions in the individual’s age for the onset of childbearing. In
simulations based on the estimated coefficients of the model I found that an increase of 10 percentage
points in the adolescent fertility incidence among the individual’s peers will cause a reduction of 0.5
years in the individual’s age at the firstborn. It is not easy to think of a policy that can control
a social force like peer effects. Nevertheless, is clear that socioeconomic segregation is a factor that
exacerbates the negative effects of them. In segregated cities individuals in poor neighbors have as their
peers mothers that had their onset of childbearing earlier than the population average. In a situation
like this, peer effects can be seen as a factor contributing to the formation of poverty traps. Any
social policy that contributes to 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.
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Appendix

Comparison SISBEN Recent Mothers population with the Estimation Sample.

The Following table presents the summary statistics and a difference in means t-test, for the
comparison of the population of SISBEN recent mothers and the estimation sample. Reader may
remember that the main reason for a observation being excluded of the estimation sample is that it
can not be linked to a previous SISBEN collection; in which case, information before the pregnancy
is not available?®. There is not a particular reason to think that the missing values generated in
the estimation construction process follow a special endogenous pattern; nevertheless, some covariates
show important differences between population and estimation sample. In order to make sure that
the determination of the estimation sample is not a factor driving the results from 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

important variation after controlling for the selection??.

Variable SISBEN@Recent@Mothers Estimation@Bample

Obs Mean Std.Mev. Obs Mean Std.Dev. |TRtest
Onset®fiThilbearingfige 75768 22.18 5.43 11461 21.43 5.02 14.8
Somel@lementary 75768 0.07 0.25 11461 0.07 0.25 0
Elementary 75768 0.11 031 11461 0.11 0.32 BL.6
SomefhighBchool 75768 0.31 0.46 11461 0.34 0.47 Bb.7
HighBchool 75768 0.41 0.49 11461 0.42 0.49 .6
College,Bomelollege 75768 0.09 0.29 11461 0.05 0.22 17.4
Assist®oBchool 75768 0.12 0.33 11461 0.14 0.35 (6.9
Unemployed 75768 0.04 0.20 11461 0.06 0.24 .6
Cohabitating@ith@artner 75768 0.34 0.48 11461 0.19 0.40 36.9
Widow 75768 0.00 0.06 11461 0.00 0.06 0.0
Divorced 75768 0.03 0.17 11461 0.03 0.17 @.4
Single 75768 0.50 0.50 11461 0.71 0.46 | @453
Physical@r@nental@isability 75768 0.01 0.07 11461 0.01 0.08 2.4
Monthlythouseholdincome 75768 664585 793465 11461 694033 727496 | P4.0
livingAn@partment 75768 0.96 0.20 11461 0.97 0.17 .6
Good®rBtandard®juality@nivalls 75768 0.80 0.40 11461 0.79 0.41 3.2
Good®rBtandard®juality@ndloor 75768 0.49 0.50 11461 0.43 0.49 11.8
Houses@®wnediby&heth/h 75768 0.36 0.48 11461 0.53 0.50 [B2.2

281n order to compare the population with the estimation sample, this table presents the mother characteristics after
the pregnancy. The reader may note taht not having information from a previous collection is the most important reason

for missing an observation from the estimation sample.
29 Following suggestions from referees, those results were ommitted from the final version of this paper.
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First Stage Regressions.
The following table present the first stage regression of the 2SLS procedures presented in table (3)
and (4). Instrumental variables changes for each specification, a description of the instruments can be

found in section 6, and table (3) and (4) footnotes.

Appendix, First Stage Regression

[1] [2] (3] (4] (5] [6]
IntrumentaltVariabl el 0.845%** 2.855¥F* (0.Q26*F* 1.926** (0.752%** 1.803** 0.935%F* 1320%* (0.978*** 1317** 0.848*** 1.467**
(0.164)  (0.935) (0.129) (0.763)  (0.09)  (0.722)  (0.105)  (0.646)  (0.086)  (0.595)  (0.059)  (0.572)
Instrumentalariable? M.021 8.034%* 0023 17.452%** 0.079%** 14.049%** 0.120% 27.621%** 0.146** 18.276%** 0.164*** 14.744***
(0.087) (2137) (0.070) (3.627) (0.037) (3.009)  (0.071) (4.601) (0.058) (3.570)  (0.036)  (2.185)
Someilementary 0706  0.761*  0.025 0125 0.352%** 0405*** 0105 0324  [.005 0101 0179  0.309**
(0.449)  (0.446) (0.216) (0.235) (0.126) (0.140)  (0.321)  (0.333) (0.197)  (0.215)  (0.124)  (0.139)
Elementary 0406  0.620 [D.178 0108 0.490*** 0.621*** [@.335 0074 [M@.155 0169  0.297** 0.496%**
(0.485)  (0.476) (0.257) (0.280) (0.159)  (0.175)  (0.351)  (0.355)  (0.223)  (0.241)  (0.141)  (0.152)
SomethighBchool 0.642  0.943** 0388  0.678** 0.510%** 0.745*** @328 0205 0326 0.588** 0228  0.532***
(0.481)  (0.463) (0.251) (0.273)  (0.148)  (0.168)  (0.349)  (0.352)  (0.236)  (0.258)  (0.141)  (0.152)
HighBchool 0.665  0.904*  0.588*  0.835** 0.485*** 0.767*** @.249 0232 0365 0521 0179  0.614***
(0.488) (0.476) (0.335)  (0.366)  (0.172)  (0.192)  (0.352)  (0.359)  (0.306)  (0.326)  (0.167)  (0.177)
CollegeBomeiTollege 1211%%  1.216%*  1.049%** 1.038*** 0.821*** 0.903*** 0365  0.525 0.760** 0.589* 0249  0.449*
(0.503) (0.506) (0.354)  (0.387)  (0.241)  (0.272)  (0.358)  (0.382)  (0.322) (0345  (0.213)  (0.238)
AssistitoEchool 0042 0037 0.089*** 0089*** [D.017 [.009 0.278*%* 0254%%*% (0327%*% (325%** 0,262%** 0.264%**
(0.051) (0.053) (0.030) (0.032) (0.026) (0.028) (0.034)  (0.036) (0.027) (0.030)  (0.023)  (0.025)
Unemployed 0037 0011 @013 @029 D048 D.062* [.105%% [D.124*** [D.137%** [D.147*** [.136*** [M.139%**
(0.053)  (0.056) (0.043)  (0.045) (0.033) (0.034)  (0.041) (0.045) (0.037)  (0.040)  (0.026)  (0.029)
CohabitatingMithTpartner 0113 0177 0178  0.289*  0.058 0147 0203  0.300%* 0.244%* 0337%%* 0.119** 0.197***
(0.205) (0.201) (0.160)  (0.163)  (0.131) (0.137) (0.128) (0.132)  (0.108)  (0.116)  (0.057)  (0.072)
Widow 0315 0231 0120 0074 0040 @012 0335 029 0156 0115 0030 0016
(0.501) (0.526) (0.415)  (0.535)  (0.326)  (0.432)  (0.358)  (0.433) (0.299) (0.378)  (0.240)  (0.324)
Divorced @.026 [D.044  [@.056 [.046 @199 ED.187 0045 0045 002 0015 @129 @132
(0.237)  (0.236) (0.189) (0.189)  (0.158)  (0.160)  (0.156)  (0.156)  (0.131)  (0.134)  (0.087)  (0.099)
Single 0127 0156 0173  0.255* 0077 0144 0177  0227* 0208** 0.269** 0085  0.141*
(0.200) (0.199)  (0.145)  (0.146)  (0.110)  (0.114)  (0.127)  (0.134)  (0.105  (0.116)  (0.052)  (0.074)
Physicalibrinentalisability 0023 0016 0001 @025 0050 003 @060 (094 @131 0174 @010 [D.042
(0.219) (0235 (0.179) (0.192) (0.132) (0.142)  (0.175)  (0.176)  (0.163)  (0.176)  (0.125)  (0.137)
Monthlyhouseholddncome 0000 0000 0000 0000 0000 0000 [D.000 [D.000** (D000 [D.000 [@.000 [D.000**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)  (0.000)  (0.000)  (0.000)
livingnBpartment M.005 [@.040 0054 0010 0097 0064 (026 0088 @016 {074 0038  [0.013

(0.138)  (0.138) (0.137) (0.136) (0.139) (0.138)  (0.063) (0.073)  (0.066)  (0.071)  (0.054)  (0.058)
Good®rBtandardualityinivalls 0019 0043 0011 0032 0012 0029 [.050* [@.036 [@.044* [.034 [D.020 @017
(0.039) (0.039) (0.033) (0.035) (0.030) (0.032) (0.030) (0.031) (0.024)  (0.024)  (0.020)  (0.020)
GoodrBtandardualitydnfloor  0.077**  0.074**  0,079*** 0.081*** 0.062*** 0.061*** 0.061** 0.060** 0.048** 0.043* 0026  0.020
(0.038) (0.037) (0.027) (0.028) (0.022) (0.023) (0.029)  (0.030) (0.022) (0.025)  (0.018)  (0.021)

Houseds@wnedibyltheh/h 0015 0026 [.014 @000 0012 0020 D005 0010 @019 0000 [D.008  0.004
(0.031) (0.032) (0.026) (0.028) (0.022) (0.025) (0.022) (0.025) (0.017)  (0.020) (0.014)  (0.017)
HbfteentinothersAndheth/h .036** [D.038** [M.033** [.031** [D.029** [M.027%* ED.031*** [D.020% [.032%** [D.029%** [D.026*** [D.024***
(0.016) (0.017)  (0.013) (0.013) (0.012) (0.012) (0.010) (0.011) (0.010)  (0.010)  (0.008)  (0.009)
Stratumd M.029 .02 010 0009 0005 0022 0039 0037 0044 0039  0046*  0.043
(0.046)  (0.049) (0.037) (0.040) (0.033) (0.035) (0.036) (0.038) (0.029) (0.031)  (0.028)  (0.030)
Stratumd @012  BD.015 @005 0008 @001 0025 0020 0019 0053 0058 0060  0.079
(0.126) (0.127) (0.068)  (0.078) (0.067) (0.070)  (0.091)  (0.090) (0.064)  (0.066)  (0.058)  (0.062)
Constant 24.748*** 0,869  23.530*** 44.494%** 24,330%** 42.468*** 11.828*** 35.011%** 14.137*** 42.662*** 15,321%** 38.227+***
(5.495)  (2.600) (4.442) (3.009) (4.667) (3.059)  (4.169) (3.163)  (3.790)  (3.382)  (2.750)  (2.530)
NeigborhoodFixedEffects yes yes yes yes yes yes yes yes yes yes yes yes
ContextualEffects yes yes yes yes yes yes yes yes yes yes yes yes
Observations 11,591 11,592 11,501 11,592 11,591 11,592 11,501 11,592 11,591 11,592 11,501 11,592
RBquared 0753 0745 0848 0835 0884 0873 073 0707 0798 0762 _ 0861 _ 0.822
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