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Abstract

Parents are concerned about the influence of friends during adolescence.
Using the gender composition of schoolmates in an individual’s close neigh-
bourhood as an instrument for the gender composition of an individual’s
self-reported friendship network, Chapter 2 of this dissertation finds that
the share of opposite gender friends has a sizeable negative effect on high
school GPA. The effect is found across all subjects for students over the age
of sixteen, but is limited to mathematics and science for younger students.
Self-reported difficulties getting along with the teacher and paying attention
in class are important mechanisms through which the effect operates. The
subject-specific effects for younger students and larger estimates for females
in general are consistent with a gender socialization hypothesis in which
young females conform to traditional gender roles in the presence of males.

Chapter 3 investigates the extent to which course repeaters in high school
mathematics courses exert negative externalities on their course-mates. Us-
ing individual and school-specific course fixed effects to control for ability
and course selection, it shows that doubling the number of repeaters in a
given course (holding the number of course-takers constant) results in a 0.15
reduction in GPA scores for first-time course-takers. Further results suggest
that the negative effect is only evident when the share of repeaters reaches
a threshold of five to ten percent of the total number of course-takers.

Chapter 4 provides evidence that part-time work during high school
affects the college attendance and labour market entry decisions of young
adults: 8-10th grade students working more than five hours per week are less
likely to attend college and more likely to enter the labour market upon high
school graduation than other students. The part-time working behaviour of
same-grade schoolmates is used as an instrument for individual part-time
working behaviour.
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Chapter 1. Introduction

Individuals are affected by their peers. In particular, friends and school-
mates influence the decisions high school students make, the activities they
perform, and the attitudes they possess. This dissertation investigates the
effects of three specific dimensions of high school peer group composition
on a variety of academic and labour market outcomes. First, it asks how
the gender composition of an individual’s high school friendship network
affects school performance; second, it explores whether course repeaters in
high school mathematics courses exert negative externalities on their course-
mates; and, third, it investigates how the part-time working behavior of
schoolmates in the same grade affects an individual’s own part-time work-
ing behavior, and, consequently, how this peer-induced variation in part-
time working behaviour affects the individual’s subsequent decisions and
outcomes.

Adolescent experiences have the potential to affect both an individ-
ual’s contemporaneous and subsequent outcomes in economically meaningful
ways. The first two chapters of this dissertation focus on academic attain-
ment and achievement in high school as the outcomes of interest. Essentially,
these chapters characterize how peers enter the education production func-
tion. Economists are interested in understanding the determinants of educa-
tion because of the overwhelming evidence of positive returns to education
in both the labour market (Card, 1999) and various quality of life measures1.
The outcome of interest in the third chapter is the school-leaving decision to
enter the labour market or go to college. This is important because of the
path dependence typically observed in labour markets2; the effects of either
entering the labour market or going to college after graduating high school
are likely to persist throughout an individual’s life.

High school students belong to a variety of peer groups. Peers may be
friends, neighbours, classmates or schoolmates, and there are several finer
dimensions within each of these groupings that are likely to exert an inde-
pendent influence on incentives and outcomes. Investigating composition
effects for each of these peer groups provides unique challenges, but an over-
arching concern is dealing with non-random selection into the relevant peer
group. The first two chapters of this dissertation introduce novel empiri-
cal strategies to overcome this problem; the first chapter uses the gender
composition of schoolmates in an individual’s close neighbourhood as an in-
strument for the gender composition of an individual’s friendship network,
and the second chapter extends an existing fixed effects strategy to longitu-

1See, for example, Oreopoulos and Salvanes (2009).
2See, for example, Keane and Wolpin (1997).
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Chapter 1. Introduction

dinal transcript data in a way that allows for a variety of additional controls
not feasible in previous analyses. The third chapter uses the familiar across-
cohort within-school variation introduced by Hoxby (2000), applies it to a
new outcome, and then goes one step further by using the estimated peer
composition effect as the first stage in an instrumental variables’ estimation.

An important feature of each of the analyses is exploring the mecha-
nisms through which the estimated peer composition effects operate. This
is important because although there are several policy instruments available
to affect high school peer group composition directly, an understanding of
the mechanisms is likely to both improve policy predictions and provide a
more fundamental description of how peers affect incentives and behaviour.

This dissertation builds on the existing peer effects and economics of
education literature by investigating a new set of peer composition effects.
Deepening our understanding of how high school peer composition enters
the education production function is important in the continuing quest to
improve and ultimately optimize education policy.

3
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2.1. Introduction

2.1 Introduction

Peer effects are an important concern in education (Sacerdote, 2011). The
questions of whether classrooms should be single-gendered or mixed and
whether students should be tracked into classes based on ability are largely
based on the premise that peer effects matter. The clear importance of
these questions for parents and policy-makers has stimulated an extensive
literature investigating peer effects in education. Exogenous peer effects3 are
difficult to identify because peer groups are typically selected; parents choose
schools for their children, and teenagers choose their friends. This paper
introduces an innovative identification strategy to overcome this selection
problem and estimate exogenous peer effects within friendship networks, a
peer group that is intensively selected on both observable and unobservable
dimensions.

Individuals in school spend a large amount of time with their friends
(Fuligni and Stevenson, 1995; Gager et al, 1999), and school friends are gen-
erally considered to exert considerable influence over each other’s incentives
and actions. Peer gender composition is also believed to have a considerable
effect on teenage behaviour. Beyond the general questions around single-sex
education, there are debates around how gender-specific social interactions
affect the development of cognitive skills, the development of social and in-
terpersonal skills, and the propensity to engage in risky behaviour. This
paper takes a new step by considering the effect of the share of opposite
gender school friends on academic achievement.4,5 An instrumental vari-
ables approach overcomes the endogeneity of peer composition arising from
selection into friendship groups: the gender composition of schoolmates in
an individual’s close neighbourhood induces plausibly exogenous variation
in the gender composition of an individual’s friendship network.

The study makes four contributions to the economics of education liter-

3Manski (1993) discusses the different types of peer effects. Endogenous peer effects
operating through the actions and decisions of friends are not modeled in this paper.
Estimating these peer effects is the focus of several papers in the economics of education
literature (Bramoullé et al, 2009; Cooley, 2010; De Giorgi et al, 2010; Lin, 2010).

4The effect of the share rather than the number of opposite gender friends is modelled
in this paper. This is motivated by considering that many adolescent activities are con-
ducted as friendship groups rather than separately as friendship pairs. The paper does
not preclude the potential for the number of opposite gender friends to have a separate
effect, but the analysis of this is left for future work; the empirical strategy in this paper
cannot identify a number of friends effect without several additional assumptions.

5Waddell (2012) investigates the role of opposite gender peer drinking on adolescent
sexual behaviour.

5



2.1. Introduction

ature. First, it shows that an increase in the share of opposite gender school
friends reduces academic achievement. To the best of my knowledge, there
is no prior evidence of a causal effect associated with the gender composi-
tion of an individual’s friendship network on academic outcomes.6 A one
standard deviation increase in the share of opposite gender friends results
in a 0.4 (one half of a standard deviation) reduction in GPA scores. This is
approximately twice the mean female-male achievement gap of 0.2 found in
the data, suggesting a moderately-sized effect.

Second, this paper studies potential mechanisms through which friend-
ship network gender composition effects operate. It finds that an increase
in the share of opposite gender friends increases the reported frequencies of
difficulties getting along with the teacher and difficulties paying attention
in class, two effects occurring within the classroom and strongly associated
with negative academic outcomes. No convincing evidence is found to sup-
port channels operating outside the classroom. Lavy and Schlosser (2011)
investigate mechanisms through which peer gender composition effects oper-
ate for same-grade schoolmates, finding that a higher share of female peers
lowers the level of classroom disruption, improves relationships in the class-
room, increases students’ overall satisfaction in school, and lessens teachers’
fatigue. The mechanisms identified in this paper complement those found in
their study, and provide further channels through which peer gender com-
position affects academic achievement.

Third, this paper provides suggestive empirical support for gender so-
cialization effects (Galambos et al, 1990). Specifically, it presents sugges-
tive evidence that young teenage girls may be incentivized to fulfil gender
stereotypes in the presence of boys. The negative effect for younger students
caused by an increase in the share of opposite gender friends is most evident
for females in subjects traditionally considered the domain of males, mathe-
matics and science, and are not found in English and history. These results
are aligned with a small set of papers that have investigated gender social-
ization effects in the economics of education literature.7 The findings in this

6Poulin et al (2011) attempt to identify an effect using longitudinal variation in the
composition of friendship networks, but they cannot account for time-varying changes in
unobservable characteristics. Cipollone and Rosolia (2007) use a policy change in southern
Italy to show that increasing the schooling attainment of boys increases the schooling
attainment of girls, but they do not observe friendship networks.

7Schneeweis and Zweimüller (2011) use natural variation in the gender composition of
adjacent cohorts within schools to show that females with a higher share of male classmates
are less likely to choose male-dominated vocational school types, and, in experimental
settings, Gneezy et al (2003, 2009) and Booth and Nolen (2012a, 2012b) find that the
behaviour of females responds to the gender composition of the group in which they are

6



2.1. Introduction

paper complement the existing gender socialization literature by introduc-
ing an analysis at the friendship level, a peer group in which socialization
pressures are likely to be considerable given the desire of adolescents to be
accepted by their friends.

And, fourth, this paper distinguishes a socially-based classroom gender
composition effect from other effects operating in the classroom. Previous
grade gender composition estimates have not been able to separate the effect
arising from peer interactions in the classroom with correlated effects that
may be responding to classroom gender composition (such as teaching style
and disciplining behaviour).

Existing studies examining exogenous peer effects on academic achieve-
ment have used two broad approaches to overcome peer selection. The
first approach exploits the institutional random assignment of peers. Sacer-
dote (2001), Zimmerman (2003), Stinebrickner et al (2006) and Carrell et al
(2011) use the random assignment of students to different residences at the
same post-secondary institution to investigate the effects of peer characteris-
tics on various student outcomes. This type of random assignment typically
only occurs at the post-secondary level, so although it provides compelling
identification, its application is limited to a subset of questions. Further-
more, assignment is typically not across genders, limiting the potential for
studying gender composition effects.8

The second approach exploits some form of conditional exogenous vari-
ation in the composition of peer groups. Typically, this approach relies on
the peer group being defined so that its composition along the dimension of
interest is exogenous conditional on a set of observable characteristics. The
primary application uses variation in the composition of students across
grades within the same school to identify exogenous peer effects for same-
grade schoolmates, and is based on selection into schools being a function
of school characteristics rather than cohort-specific deviations from these
characteristics. It has been used to investigate exogenous peer effects along
multiple dimensions: race (Angrist and Lang, 2004; Hanushek et al, 2009),
domestic violence (Carrell and Hoekstra, 2010), home language (Friesen and
Krauth, 2011), and, related to this paper, gender (Hoxby, 2000; Lavy and
Schlosser, 2011; Schneeweis and Zweimüller, 2011).9 These studies provide
compelling evidence that grade composition matters, but cannot inform our

interacting.
8Whitmore (2005) uses the class size randomization of Project STAR to investigate the

effects of gender composition in elementary school classrooms.
9Bifulco et al (2011) draws attention to some concerns when interpreting these findings,

and Krauth (2011) provides a treatment effect interpretation of these effects.
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2.2. Empirical Methodology and Specification

understanding of composition effects for finer peer groups in which observ-
ables cannot control for selection. Nonetheless, my finding that friendship
network effects operate within the classroom provides further support and
justification for the above papers that focus exclusively on peer composition
effects at the grade level.

The paper is organized in the following way. Section 2 introduces the em-
pirical methodology, particularly the strategy to overcome the endogeneity
in the gender composition of high school friendship networks. The subse-
quent data section is divided into two subsections. First, Section 3.1 pro-
vides empirical support for the claim that distance is a significant determi-
nant of friendship, the hypothesis on which the identification strategy relies,
and Section 3.2 describes the data in detail. Section 4 begins by reporting
the primary findings, and then considers a variety of potential mechanisms
through which the effect may operate. It also includes a set of results re-
lated to long-term effects of friendship network gender composition. The
conclusion provides an overall interpretation of the results.

2.2 Empirical Methodology and Specification

Individuals in a social network are often defined by their type (such as gen-
der, race or age). The number of types, distribution of types and relative
distribution of types in an individual’s friendship network may all affect high
school performance. This paper focuses on the effects associated with other-
type friendships.10 Models of network formation typically impose some ad-
ditional cost for behaving like or interacting with other types (Bisin et al,
(2011). This study defines type by gender, and proposes the idea that other-
type or opposite gender friendships are associated with an additional cost

10Homophily in friendship networks (the tendency to form same-type friendships) has
been extensively modeled in the network formation literature (Currarini et al, 2009).
This paper exploits an aspect of the friendship formation process to obtain exogenous
variation in network composition, but otherwise abstracts away from network formation
to consider the effects of homophily on academic achievement and other outcomes (rather
than understand why homophily arises).

8



2.2. Empirical Methodology and Specification

or negative input in the education production function.11,12

The academic achievement Y of individual i in grade g and school s is
modelled as a linear function of a female indicator F , a vector of remaining
individual and background characteristics X, the share of opposite gender
friends O, and grade and school fixed effects D:

Yigs = αFi + βXi + γOis + δDg + θDs + �igs (2.1)

The model is estimated on the combined sample of males and females,
imposing gender symmetry in the effect. An interaction term Fi × Ois is
included when gender symmetry is relaxed. This specification shows that
the effect of opposite gender friends goes in the same direction for males and
females, but is plausibly of different magnitudes (although not statistically
different). The advantage of the symmetry restriction is an increase in the
statistical power of the estimation.

The gender composition of an individual’s high school friendship network
is likely to be correlated with a variety of unobservable characteristics that
affect academic achievement. Candidates include parental inputs, person-
ality traits and non-cognitive skills. For example, supportive parents may
encourage participation in a wide range of extra-mural activities (result-
ing in more gender-balanced friendship groups) as well as greater academic
achievement. This introduces correlation between the gender composition
variable and the error term in the absence of perfect controls for parental
inputs.

Peer gender composition is also measured with error. Beyond the attenu-
ation bias associated with potential classical measurement error, friendship
networks are constructed from self-reported friendship nominations. This
process may yield systematically biased measures of friendship gender com-
position. For example, certain students may nominate opposite gender class-

11The debate on whether classrooms should be single-gendered or mixed can also be
interpreted in the context of same-type and other-type interactions. The effect of single-
gendered classrooms is equivalent to the effect of same-type (own gender) classmates. To
the extent that the grade gender composition literature informs the debate on single-sex
education, this specification would actually have an easier interpretation than those using
female grade share given the impossibility of increasing or decreasing the female grade
share for all individuals.

12The primary outcome of interest in this paper is academic achievement. Opposite
gender friends may also affect non-cognitive development, and given the recognized im-
portance of soft skills in subsequent life outcomes, there may be a trade-off between the
negative effects on school performance and potential positive effects on non-cognitive skills.
A preliminary analysis found no convincing evidence of an effect of opposite gender friends
on measures of soft skills in the Add Health data.
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mates as friends in an effort to appear more popular, generating correlation
between the share of opposite gender friends and high school performance if
the selection of these students is correlated with their academic achievement.

The omitted variables problem and potential measurement error results
in least squares estimation of Equation 2.1 providing biased estimates of γ,
the effect of the gender composition of school friendship networks on aca-
demic achievement. A source of exogenous variation in gender composition
is required to obtain consistent estimates of the effect. This paper exploits
variation in the gender composition of schoolmates in the close neighbour-
hood to obtain exogenous variation in the gender composition of school
friends.

The idea behind the identification strategy is introduced by an example.
Two females, Alice and Barbara, attend the same school and are in the same
grade. They share identical individual and background characteristics, and
both live next door to someone who attends the same school. Alice lives next
door to a male, Charles, and Barbara lives next door to a female, Debbie.
Alice catches the bus with Charles, they are friends, and, in addition, Alice
has become friends with some of Charles’ (mostly male) friends.13 Barbara
and Debbie also catch the bus together, they are friends, and Barbara is
also friends with some of Debbie’s (mostly female) friends. As a result,
Alice has a larger share of male friends than Barbara. This arose by chance,
as both Alice’s and Barbara’s parents did not know the gender of their
neighbours’ children when they chose where to live even though both their
choices may have been based on a variety of other factors, such as income
and the proximity to a good school.

The relationship between distance and friendship is central to the identi-
fication strategy. The probability of Alice being friends with her neighbour
Charles needs to be greater than the probability of Alice being friends with
someone identical to Charles who lives on the other side of town. A further
requirement is that there needs to be variation in the gender composition
of schoolmates across neighbourhoods; the strategy does not work if every-
one in the school has one male neighbour and one female neighbour as this
would not generate variation in the gender composition of friendship net-
works. These conditions are discussed further in the data and descriptive
statistics section. The strength of the relationship between distance and

13It is well-established that the probability of friendship increases with the existence
of mutual friends (see, for example, Goodreau et al, 2009). This channel is not actually
required for the identification strategy to work. It does, however, strengthen it, as the
gender composition of Alice’s friends is not only affected by her friendship with her male
neighbour, Charles, but also by her friendships with Charles’ mostly male friends.
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friendship is also supported by existing empirical evidence. Using the same
data as this paper, Mouw and Entwisle (2005) find that friends are more
than five times as likely as non-friends to live within 0.25km of one another
after conditioning on several observable characteristics.

The exact instrument used in this paper is a weighted average of the gen-
der composition of someone’s nearest twenty same-school neighbours (the set
denoted by J20 in the specification below). Each neighbour j is identified as
being of opposite gender to i by the indicator Oijs, and their contribution to
the mean function is weighted by an inverse function of the distance between
the relevant individual and the neighbour Dijs (the nearer the neighbor, the
greater the weight). The weighting function w(Dijs) takes the form of the
standard Epanechnikov kernel with bandwidth equal to the distance to the
twentieth nearest neighbor DJ20.

Variations of the instrument based on the gender composition of a dif-
ferent number of the nearest neighbours or neighbours within a specified
radius, as well as weighted and unweighted versions, were considered. The
chosen measure was found to have the strongest results, although the result
does not depend on the functional form of the instrument or the weighting
function.14 The below equations specify the first stage for investigating the
effect of the share of opposite gender friends.

Ois = α0Fi + β0Xis + γ0

�
j∈J20w(Dijs)Oijs�

j∈J20w(Dijs)
+ δ0Dg + θ0Ds + νigs (2.2)

w(Dijs) =
3

4

�
1−

�
Dijs

DJ20is

�2
�

(2.3)

The causal parameter of interest γ in Equation 2.1 is identified if the
gender composition of an individual’s close neighbourhood is restricted to
affect academic performance only through the gender composition of the
individual’s friendship network.15 This claim is supported by two arguments.

First, the gender of an individual’s neighbour is very likely random. Es-
sentially, parents do not choose the locations of their homes based on the

14The estimates associated with other instruments and weighting functions are less
precise, but very similar in magnitude. Weights simply reflect the empirical observation
that the probability of friendship is inversely related to spatial proximity. Several of these
results are reported in the appendix.

15In addition to this exclusion restriction, the monotonicity assumption required for
instrument validity is very likely satisfied. An individual exposed to an increase in the
share of opposite gender close neighbours is unlikely to decrease their share of opposite
gender friends.
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gender of school-going neighbours. Figure 2.1 reports the distribution of
parent motivations for housing locations in the data. The gender of children
in the neighbourhood was not an available option, but the age of children
in the neighbourhood was, and was infrequently cited (around five percent).
This suggests that locational choice is rarely influenced by the composition
of neighbourhood children. Potential correlation with observables is inves-
tigated in the empirical section by performing balance tests in which the
instrument is regressed on a set of individual and background characteris-
tics; these are shown to have no systematic effect.16

Second, the friendship network is defined as a set of weak ties rather than
strong friendships.17 Neighbours may exert influence without being strong
friends, but are likely to be included in a weak friendship network. Two
individuals are defined as friends if either nominated the other individual as
a friend rather than the mutual nomination that would be indicative of a
strong friendship. (The procedure for nominating and matching friends is
discussed in more detail in the data section.) An alternative way of think-
ing about this would be defining the weak friendship network as the set of
schoolmates with whom friend-like social interactions occur, and interpret-
ing the friendship network in the data as a proxy for this network.18

There are two primary threats to identification. The first is that the
gender of schoolmates in the close neighbourhood may affect another di-
mension of an individual’s friendship network, and this other dimension of
the friendship network may affect achievement. Two primary candidates are
friendship network age composition and number of friends. For example, a
male with only female schoolmates in the close neighbourhood may be more

16Several papers (such as Angrist and Evans, 1998) find and exploit the fact that girls
are more likely than boys to come from larger families, particularly for lower income
families. This phenomenon does not appear to be sufficiently large to have an effect on
the instrument in this paper. Furthermore, the conditioning on extensive controls for
family structure in this paper is likely to alleviate potential biases arising through this
channel.

17Granovetter (1973) is the seminal paper on the importance of weak ties. Several papers
have recognized the independent importance of strong ties (Card and Guiliano, 2011).
Patacchini et al (2012) find that both strong and weak friendships have a contemporaneous
effect on high school grades, but only strong friendship effects persist in the long run. This
supports using both strong and weak ties when analyzing short run education production.
Lavy and Sand (2012) find that different types of friends in the classroom have different
effects on learning outcomes for Israeli students transitioning from elementary to middle
school, a younger population than that studied in this paper.

18Same-school neighbours are not required to be (at least) weak friends for the empirical
strategy to be valid; it just requires that neighbour’s gender be orthogonal to achievement
if they are not friends.
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likely to befriend older (or younger) teenagers in the neighbourhood, as well
as have fewer friends, both of which may affect school performance. These
hypotheses cannot be ruled out, but are challenged by the finding that the
gender composition of close neighbours does not affect the age composition
of school friends or the number of friends.

The second concern is that the friendship nomination process may be
affected by the gender composition of the close neighbourhood. For exam-
ple, low-performing individuals may disproportionately nominate opposite
gender neighbours as friends (to appear more popular) without them ac-
tually being friends. The consequence of this would be measurement error
in friendship network gender composition (arising from self-reporting bias)
being correlated with the instrument in a way that biases results. The
appendix provides a more formal discussion of this problem, and reports
results that contest this hypothesis by showing that a constructed proxy for
measurement error in the gender composition of the self-reported friendship
network is uncorrelated with the gender composition of the close neighbour-
hood.

It is worth noting for exposition that the instrument would be invalid for
investigating the race composition of high school friendship networks. This
is because race and neighbourhood characteristics are not independent. An
individual with mostly black same-school neighbours is likely to be different
along a number of dimensions to another individual in the same school with
mostly white neighbours, even if they share the same observable character-
istics.

The negative effect of opposite gender friends on education production
may arise from a variety of (non-exclusive) sources. Equation 2.1 can be
interpreted as the reduced form of a simple linear model in which the share
of opposite gender friends affects a vector of intermediate mechanisms W ,
which, in turn, affects academic achievement.19

Wm,is = αmFi+βmXis+γmOis+δmDg+θmDs+ηm,igs for m = 1, . . . ,M
(2.4)

19The parameter of interest in the primary specification γ =
�

m=1,...,M γS,mγm, the
effect of the share of opposite gender gender friends on achievement, is obtained by sum-
ming over each mechanism the products of the effect of that mechanism on the outcome
and the effect of the share of opposite gender friends on that mechanism. This model does
not allow feedback from the academic outcome to the mechanisms.
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Yigs = αSFi + βSXi +
M�

m=1

γS,mWm,is + δSDg + θSDs + φigs (2.5)

Using the instrument for the share of opposite gender friends in Equation
2.4 identifies the parameter γm, the effect of peer gender composition on
the candidate mechanism Wm. Evidence that γm �= 0 (gender composition
affects the mechanism) and γS,m �= 0 (the mechanism affects achievement)
indicates an operating mechanism Wm, while γm = 0 rejects a candidate
mechanism for the peer gender composition effect (although the mechanism
could still affect achievement). The parameters γS,m cannot be identified
without additional exclusion restrictions (we cannot identify the effects of
the mechanisms on academic outcomes), so γS,m �= 0 is inferred from non-
causal correlations or taken from existing empirical literature. A series of
equations taking the form of Equation 2.4 are estimated to investigate the
set of mechanisms that may be in operation.

An understanding of the mechanisms through which peer gender compo-
sition effects operate is useful for deepening our understanding of adolescent
behaviour, as well as potentially informing policy. Friendship networks can-
not be directly regulated, but policy instruments may be available to act on
the channels through which these effects operate. Furthermore, they may
also inform out-of-sample predictions. The effects of manipulating peer gen-
der composition beyond what was originally observed are predictable only
if the mechanisms continue operating in the same way. This is particularly
relevant given the evidence in Carrell et al (2011) that reduced-form peer
effects estimates do not inform out-of-sample predictions.

This paper broadly groups candidate mechanisms into those operating
within and outside the classroom. First, opposite gender friends may re-
duce the quality of classroom inputs in the education production function.
Abstracting away from the friendship formation process, consider that main-
taining (the utility associated with) friendships requires regular interactions.
Outside of the classroom, high school students typically engage in a range
of gender-specific activities.20 These activities provide ample opportunities
for the own gender interactions that characterize and maintain own gender
friendships. The mixed gender classroom provides a relatively scarce oppor-
tunity for interactions with opposite gender friends. As a result, individuals

20Fuligni and Stevenson (1995) and Gager et al (1999) document typical time use of
American teenagers in the 1990s. Fuligni and Stevenson find that studying, part-time
work, extracurricular activities (such as sports), watching television and socializing with
friends each consume between 10 and 20 hours per week.
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in class may distract or be distracted by opposite gender friends more than
own gender friends, reducing the quality of classroom inputs for individuals
with a greater share of opposite gender friends.

Second, opposite gender friendships may reduce the quantity and quality
of non-classroom inputs in the education production function, such as home-
work. For example, high school social activities may be more fun if opposite
gender friends are present. This increases the time spent socializing, pos-
sibly at the expense of homework, and may reduce both the quantity and
quality of homework produced the subsequent day. The idea behind this
class of mechanisms is that, holding all else equal, opposite gender friends
increase the marginal utility of leisure, resulting in an equilibrium charac-
terized by leisure increasing (and homework decreasing) with an increase in
the share of opposite gender friends.

The evidence in the empirical section supports the first set of mechanisms
over the second set of mechanisms, suggesting that friendship network gen-
der composition effects operate within rather than outside the classroom.

2.3 Data

This paper uses data from the National Longitudinal Study of Adolescent
Health (Add Health). The Add Health is a school-based longitudinal study
of a nationally representative sample of US adolescents who were in grades
7 to 12 during the 1994-1995 school year. The selected schools were repre-
sentative of the US with respect to region of country, urbanicity, size, type,
and ethnicity. Students in each school were stratified by grade and sex, and
an average of 200 students were selected from each school to form the core
sample. This sample was interviewed between April and December 1995 in
the first wave of the study. The second wave of the study was conducted
the subsequent year, and there have been two further in-home interviews,
the most recent being in 2008. This paper primarily uses data from the
first wave of the study. The fourth wave of the study is used to investigate
the effect of the gender composition of high school friendship networks on
long-term outcomes.
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2.3.1 Distance and Friendship

There are two aspects of the data that are both unique to the Add Health
study and of particular importance: spatial locations21 and friendship net-
works. The Euclidean distance between individuals’ homes can be calculated
from spatial locations recorded in the data. These locations are reported in
terms of X and Y-coordinates for each individual in a school relative to an
arbitrary origin. Figure 2.2 provides an example of the spatial distribution
of individuals in a small school in the Add Health data. Individuals are clus-
tered in the centre of the map, presumably near the location of the school.
The grey lines connecting nodes reveal the friendship networks within the
school. Females are denoted by red circles and males by blue triangles.

Another example of the spatial distribution of individuals within a school
is provided by Figure 2.3. This figure highlights the identification strategy.
The friendship network for an arbitrarily chosen female individual in the
school is shown in grey. Her nearest twenty schoolmates are circled. The
gender composition of the individual’s friendship network is instrumented by
the distance-weighted gender composition of the circled individuals.22 Six of
the selected individual’s eleven friends are included in the set of the twenty
nearest neighbours; the proportion of matched friends within the twenty
nearest neighbours is larger than the proportion of matched friends outside
the nearest twenty neighbours, suggesting the role of distance in friendship
formation for this individual.

Friendship networks are constructed using data from the first wave of the
study. Surveyed individuals were asked to nominate up to five male friends
and five female friends.23 Individuals could leave nominations blank, but
could not exceed the limit of five nominations per gender. These nominations
were matched to other individuals in the same school using school rosters.
Sixty-eight percent of friendship nominations by individuals in the sam-
ple are matched. Unmatched nominations typically arise from two sources:

21Spatial locations have been exploited in a small number of papers in the peer effects
and education literature. Helmers and Patnam (2011), for example, incorporate spatial
peer interaction into a production function of child cognitive development.

22The share of opposite gender friends and the distance-weighted share of opposite
gender neighbours are both slightly above 0.3 for this individual.

23Some individuals were asked to nominate only one male and one female friend. The
gender compositions of friendship networks computed for these individuals are interpreted
as noisier proxies for the gender composition of the underlying friendship network. Results
in which the sample is split by the number of friendship nominations or restricted to those
with at least two friends show that restricting the number of nominations does not affect
the primary conclusions.
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nominations to individuals in another school or nominations using names
that could not be matched on the school roster (for example, nominations
using nicknames). The effect investigated in this paper is for the gender
composition of matched friends.

Figure 2.4 plots the distribution of the share of matched friendship nom-
inations (ratio of matched nominations to total nominations) by gender,
showing that nominations are fully matched for about forty percent of in-
dividuals in the sample. The share of matched friendship nominations is
orthogonal to the gender composition of schoolmates in the close neigh-
bourhood; the correlation coefficient between the instrument and the share
of matched nominations is -0.02. This ensures that the empirical strategy
deals with potential bias introduced by the matching process (in addition
to other biases), such as nominations from weak students being less likely
to be matched.

Friendship networks can be defined in a variety of ways using these data.
This paper primarily defines any nomination or receipt of nomination as a
friendship, generating a network of weak friendships. This is the preferred
definition of friendship as it includes the largest set of potential influences.
Results with alternative definitions of friendships are reported in the ap-
pendix to show that the findings are generally robust to the definition of
friendship that is chosen. Effects associated with the gender composition of
nominated friends and the gender composition of nominating friends (indi-
viduals from whom friend nominations are received) are also considered.

The friendship nomination and sampling processes are graphically illus-
trated in Figure 2.5. The first and second panels show a hypothetical school
with nine students of which five are randomly sampled to complete the de-
tailed survey. The third and fourth panels show the friendship nomination
process, including D nominating an individual who could not be matched to
an individual in the school. The fifth panel drops the individuals who were
not sampled to show the observed school friendship network. Note that this
network distinguishes the direction of nominations from which alternative
types of friendships can be defined. The sixth panel shows the weak friend-
ship network used in the analysis. I is dropped as peer gender composition
is not well-defined for an individual with no matched friends. The direction
of nominations is no longer distinguished as any nomination defines a weak
friendship.

Each friendship nomination generates a dyadic pair. Table 2.1 describes
the 13,142 friendship pairs generated by matched nominations in the an-
alyzed sample. Reciprocated nominations appear as two observations in
these data, but the reported interactions may differ as they depend on the
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response of the surveyed individual. The first row of the table provides sim-
ple evidence that distance is a significant determinant of friendship. The
mean distance between friends in a school is significantly smaller than the
mean distance between two randomly-drawn individuals in a school.24

Males nominate a higher share of opposite gender friends than females.
Slightly fewer than forty percent of friendship pairs go to each other’s home,
about half meet after school, and over forty percent spend time together
during the weekend. Forty-four percent of friendship pairs in the data “talk
about a problem”; interestingly, but perhaps unsurprisingly, this activity
is much more likely in friendship pairs nominated by females. The most
common activity among friendship pairs is talking on the phone, which
occurs in about sixty percent of friendships in the data.

Table 2.2 provides evidence that the distance between individuals affects
the intensity of their social interactions. This table reports results from re-
gressing binary indicators of each of the interactions with nominated friends
discussed above on the distance between the two individuals, the gender
(and relative gender) of the nominated friend, and a vector of individual
characteristics.25

Conditional on being friends, individuals are more likely to go to a
friend’s house, meet after school and spend time together on the weekend
if they live closer together. Distance also affects the likelihood of talking
on the phone despite this activity being largely independent of spatial prox-
imity. Under the hypothesis that talking on the phone is correlated with
the strength of the friendship, this provides suggestive evidence that friends
who are geographically proximate have stronger relationships. Females are
less likely to meet after school or during weekends and more likely to talk
on the phone or about a problem with their nominated friends. All inter-
actions are less likely with opposite gender friends. Given that interactions
are more probable with close neighbours, and that these interactions vary
by the gender of the nominated friend, the variation in friendship network
gender composition induced by the gender composition of close neighbours

24This comparison does not control for characteristics that may be correlated with the
distance between individuals, such as the probability of being the same race. For example,
in a school neighborhood in which everyone west of the school is white and everyone east of
the school is black, the mean distance between friends may be smaller just because friends
are more likely to be of the same race. The evidence that distance affects friendships
provided by Mouw and Entwisle (2005) conditions on several observable characteristics
including race.

25This analysis is only possible within friendship pairs as individuals were not asked
about their potential interactions with all other individuals in the school; this would be
prohibitively costly in terms of data collection.
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will affect an individual’s weekly interactions in a meaningful manner.

2.3.2 Descriptive Statistics

The Add HealthWave I dataset samples 20,769 individuals from 80 schools26.
Individuals without core demographic information, GPA scores and spatial
locations are dropped.27 The gender composition of an individual’s friend-
ship is only well-defined when the individual has at least one friend. Individ-
uals with no matched friends are therefore dropped from the data. Finally,
schools in which fewer than twenty students remain in the sample after this
process are also dropped. This leaves a final sample of 8,435 individuals
from 76 schools.28

Descriptive statistics of the variables used in the paper are reported in
Table 2.3. The primary outcome variable considered in the paper is an over-
all mean of self-reported grades across four subjects: English, Mathematics,
Science and History. Letter-grades are converted to numerical grades by
assigning fours to As and ones to Ds or lower. The overall mean grade
is computed by equally weighting all non-missing subject grades for each
individual.

Figure 2.6 shows the full distribution of overall high school grades by
gender. There are two striking differences in the grade distributions for
males and females. First, the female distribution is centred at a higher
grade (the mode is 3 for females and 2.5 for males), and, second, there is
a spike in the distribution for females at scores of 4 (As in all subjects).
The mass of females scoring at the top of the distribution is also noted by
Fortin et al (2011) and Bertrand and Pan (2011). Measurement error in
self-reported GPA is computed using transcript GPA scores for a subset of
the sample for whom these are available.

The next set of variables describes the gender composition of high school
friendship networks. Recall that individuals must be linked to at least one
other individual to be included in the data. The type of network for which

26About half of the 80 schools are school pairs. School pairs are created to represent one
school when the sampled high school does not have lower grades (such as ninth grade).
This is done by probabilistically matching high schools without lower grades to one feeder
school in the area based on the likelihood with which students come from the set of
candidate feeder schools.

27Individuals with and without GPA scores and spatial locations appear similar along
observable dimensions, reducing the concern of sampling bias.

28The mean number of students per school is 422, the median is 100, and the smallest
and largest schools have 20 and 1515 students, respectively. The sample includes two
Catholic schools and five private schools.
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the variable mean is calculated is denoted in parentheses after the variable.
The weak friendship network in which any nomination is considered to es-
tablish a friendship is the primary focus of this paper, but a description of
the strong friendship network in which reciprocated nominations define a
friendship is included for comparison purposes.

The mean share of opposite gender friends is slightly below 0.4 in the
weak friendship network. This confirms the tendency towards nominating
friends of the same gender. The distribution of the mean share of opposite
gender friends is plotted in Figure 2.7. This is done for both the full sample
and for a restricted sample in which only individuals matched to at least
two friends are included. There are mass points at one and zero in the full
sample. This is because about sixty percent of the sample were only matched
to same-gender friends or were only matched to one friend. The distribution
for those with at least two friends shows the modal share of opposite gender
friends to be 0.5, but retains the strong feature of a tendency towards same
gender friendships.29

The share of opposite gender friends in strong friendship networks (de-
fined by reciprocated nominations) is considerably lower than that found in
weak friendship networks. This shows that opposite gender friends are less
likely to reciprocate nominations than friends of the same gender.

Exogenous variation in the neighbourhood gender composition of school-
mates is used to obtain identifying variation in the gender composition of
friendship networks. The exact instrument is based on the distance-weighted
gender composition of each individual’s nearest twenty neighbours (in the
same school). The next row of Table 2.3 shows that the mean share of op-
posite gender close neighbours is very close to the expected 0.5 in the full
sample and for males and females.

The distribution of this variable is important for two reasons. First,
there is a concern that all individuals may have a similar share of male and
female schoolmates in their close neighbourhoods. Under this scenario, even
if distance were a significant determinant of friendship, it would not generate
variation in the gender composition of friendship networks. The distribution
of the weighted gender composition of the nearest twenty neighbours for the
full sample, as well as by gender, is plotted in Figure 2.8, confirming variation
in neighbourhood gender composition.

Second, we can test whether the distribution of the share of opposite

29The appendix reports estimation results for the restricted sample that are similar to
those for the full sample. This provides evidence that results are not driven by individuals
only matched to one friend.
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gender neighbours is consistent with a data-generating process in which
location decisions are independent of the gender composition of the close
neighbourhood. Parents favouring gender-balanced neighbourhoods, for ex-
ample, would be evident if the standard deviation of the share of opposite
gender neighbours were smaller than a comparable series based on random
location decisions (although the mean share of opposite gender neighbours
may be unaffected and remain 0.5). This would be a concern if these parents
also systematically affect their children’s school performance. We perform
a Kolmogorov-Smirnov test for equality of distributions on the observed
measure of neighbourhood gender composition and a constructed pseudo-
measure of neighbourhood gender composition in which gender is randomly
reassigned to households.30 The null hypothesis of equality of distributions
cannot be rejected, supporting the claim that location decisions and the
neighbourhood gender composition are orthogonal.

Self-reported measures describing the extent to which individuals have
behavioural troubles at school are used to support the hypothesis that parts
of the socialization effects identified in this paper operate within the class-
room. Ordinal scales for these variables are converted to numerical scales
by assigning zeroes to responses of “Never” and fours to responses of “Ev-
ery day”, the most frequent of five categories. Males are more likely than
females to report having both troubles getting along with the teacher and
paying attention in school. Both types of troubles occur within the class-
room. They are infrequently reported. Considering behaviours outside the
classroom, males are more likely to report trouble completing homework and
interacting with other students.

Socialization effects may also operate outside the school environment if
opposite gender friends affect the marginal utility of leisure. The number of
friends’ variable in Table 2.3 corresponds to the number of matched friends
in the weak friendship network. Conditional on being matched to at least one
other individual in the data, individuals have an average of 2.6 friends. This
is slightly greater for males than females. The reported number of friends
is likely to be less than the true number of friends in an individual’s school
friendship network. This is due to the imposition of a maximum number of
nominations and some nominations being unmatched31. The composition

30This assignment is based on birth months being odd or even, which is assumed truly
random.

31It is probable that unmatched nominations occur more frequently within schools in
which individuals were less likely to be sampled. Results (not reported) in which the
sample is limited to the set of schools in which all individuals were sampled reveal the
same pattern of effects.
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measure used in this paper is therefore interpreted as a proxy for the true
gender composition of the friendship network.

Over one half of the sample report being in a relationship in the last
18 months. Females are more likely to report a previous romantic relation-
ship.32

The gender composition of an individual’s friendship network may also
affect smoking and drinking behaviour (see, for example, Clark and Loheac,
2007), and smoking and drinking may affect academic achievement. About
one quarter of the sample report smoking at least one day in the past month,
and this does not differ by gender. Males are more likely than females to
report being drunk at least one day in the past year; just under one third of
males and just over one quarter of females report this behaviour. Various
other measures of smoking and drinking behaviour were also considered;
they convey essentially the same information as these measures.

Finally, we are interested in the persistence of gender composition effects.
The long-term outcomes of subsequent-year GPA, graduated high school,
attended college and ever married are taken from the fourth wave of the
Add Health study in which individuals are asked about their educational and
relationship histories. This wave was conducted in 2008 when individuals
were 24 to 32 years old. Ninety-five percent of the sample graduates high
school and sixty-eight percent of the sample completes at least one year of
post-secondary education, the definition of attending college used in this
paper. The probability of males attending college is ten percentage points
lower than that for females. Almost one half of the sample report being
married (or previously being married).

Core demographic characteristics reported in Appendix Table A.1 pro-
vide information on the composition of the sample. Just over half the sample
is white and one fifth of the sample is black.33 Ninety percent of the sample
is born in the US and the mean age is 16, corresponding approximately to
the tenth grade. The means of all other control variables are also reported.
These include variables describing parent characteristics, home language,

32The behaviours associated with “being in a romantic relationship” are likely to vary
considerably across individuals in high school. Finer measures of relationship-type be-
haviour would be required to obtain a fuller picture of the potential effects of peer gender
composition.

33The Add Health study over-sampled black students. Sample weights are not used in
this analysis because their application to friendship pairs is ambiguous; it is not clear how
friendships with over-sampled individuals should affect the gender composition of that
individual’s friendship network. At the same time, it is noted that results are insensitive
to the inclusion of sample weights at the estimation stage, although they do affect the
precision of some of the estimates.
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household income, family structure and grade repetition34.

2.4 Results

The objective of this paper is to empirically investigate the effect of gen-
der homophily in high school friendship networks on academic achievement.
Opposite gender friends are shown to have a negative effect on high school
performance. Subsequent results explore whether the effect differs by gen-
der, across school subjects, and by age. Finally, results investigating the
mechanisms through which peer gender composition affects achievement are
reported. Errors are clustered at the school level throughout the analysis.35

The first two columns of Table 2.4 report OLS results from regressing
GPA scores on friendship network gender composition measures. The first
column reports results from the model that imposes gender symmetry, and
the second column reports results from the model that includes a gender in-
teraction on the explanatory variable of interest.36 Results in these columns
show that males with a higher share of opposite gender friends are associ-
ated with better school performance, while the correlation for females (the
sum of the coefficients) is close to zero. As discussed in the methodology
section, this correlation could arise from unobserved parental inputs, bias
in self-reported friendship nominations or other unobserved characteristics.
The causal effects subsequently reported are consistently of the opposite
sign. This is consistent with individuals with large shares of opposite gender
friends being positively selected, and confirms the importance of an empiri-
cal strategy to overcome the endogeneity bias in the gender composition of
friendship networks.

The third and fourth columns of Table 2.4 reports the direct effect of
the instrument on academic achievement. The gender composition of same-
school neighbours is considered exogenous, so these estimates have a causal
interpretation. An increase in the share of opposite gender schoolmates in

34Grade repetition controls are included throughout the paper to control for potential
differences in friendship network formation and effects for repeating students. Results are
similar if these students are excluded from the analysis.

35This is conservative given the inclusion of school fixed effects and that the level of
variation exploited in this paper is cross-sectional and at the individual level. The precision
of estimates obtained without clustering are generally very similar.

36Note that the effect for males in the gender interaction model is the coefficient on the
share of opposite gender friends, and the effect for females is the sum of this coefficient
and the coefficient on the interaction. Only the first coefficient (the male effect) and the
sum (the female effect) are reported in subsequent tables for ease of interpretation.
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the close neighbourhood reduces school performance.37 The fourth column
shows that the sign of the effect does not differ by gender, justifying the
statistically more powerful gender-symmetric model. This paper interprets
these effects to be operating through weak friendship networks.

Goux and Maurin (2007) exploit the institutional environment in France
to conclude that an adolescent’s outcomes in junior high school are strongly
influenced by (and not just correlated with) the performance of neighbours.
Foley (2012) finds that neighbourhoods affect university participation. The
reduced form result in this paper supports the hypothesis that close neigh-
bours matter. It provides a potential mechanism for these findings and
suggests that part of the neighbourhood effect may be driven by the set of
close neighbours that are in an individual’s weak friendship network.

The primary causal estimates from the instrumental variable (IV) spec-
ification are reported in Table 2.5. The top panel reports results for the
model in which gender symmetry in the effect is imposed. The bottom
panel reports results for the model that relaxes gender symmetry, confirm-
ing that the effect is the same sign and not statistically different for males
and females.

Results for the preferred model include the coefficient of interest and
F-statistic from the first stage, as well as a weak IV-robust confidence in-
terval (Moreira and Pan, 2001). The first stage coefficients are precise with
reasonably-sized F-statistics across specifications. The weak IV-robust confi-
dence intervals allow potential nonnormality in GMM statistics arising from
weak identification (as discussed in Stock et al, 2002). Andrews and Stock
(2005) advocate inference based on this confidence interval given its robust-
ness properties; opposite gender friends affect academic achievement if the
confidence interval is bounded away from zero.

The negative effect of opposite gender friends is evident both without
(first column) and with (second column) controls. The point estimate in the
second column is negative and the corresponding weak IV-robust confidence
interval does not include zero. The standard deviation of the share of oppo-
site gender friends is 0.4, so the estimate of -1.0 means that a one standard
deviation increase in the opposite gender friend share causes a 0.4 decline
in GPA. In comparison to other variables in the model, this is twice the
coefficient on the female indicator. This is interpreted as a moderately-sized
effect.

37This reduced form analysis is also performed on the original sample before individuals
with no matched friends are dropped. The estimated coefficient of -0.063 (0.035) is not
statistically different from the estimated coefficient of -0.132 (0.054) reported in the table.
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Results in the bottom panel provide suggestive evidence that the effect
is larger for females than males. The magnitude of the effect for females
is consistently around three times larger than the effect for males (with
the caveat that a lack of power prevents statistically distinguishing these
estimates).

The subject-specific results reported in the third and fourth columns of
Table 2.5 suggest that the overall effect is larger in mathematics and science
than English and history.38 This is shown to be driven by the absence of an
effect in English and history for individuals under the age of sixteen in Ta-
ble 2.6. The negative effect of opposite gender friends for girls in their early
teenage years in traditionally male-dominated school subjects is consistent
with gender socialization effects in the existing developmental psychology
and economics of education literature: adolescent females conform to tradi-
tional gender roles (such as not doing well in mathematics and science) in
the presence of males. The reduced socialization effects on males are also
consistent with previous studies and the commonly-held view that females
may have more to gain from reduced gender socialization pressures (such as
single-sex classrooms).

Results in Table 2.6 are constructed by splitting the sample at the age of
sixteen. As discussed above, the effect for younger individuals is limited to
mathematics and science, while the effect for older individuals is larger and
equally prevalent across all school subjects. This table also provides insight
into the operation of the instrument. Older high school students in the US
are likely to be more mobile; the driving age in most states is sixteen. This
suggests that the instrument is likely to be less effective for older students
as geographic distance becomes a less important determinant of friendship.
The smaller and less precise first stage coefficients for older students are
consistent with this hypothesis.

The mechanisms through which friendship network gender composition
affects academic achievement are important for understanding how high
school peers affect incentives and actions. An investigation of these mecha-
nisms provides a fuller description of the education production function and
indirectly informs policy related to gender composition in the school envi-
ronment. Results in Tables 2.7 and 2.8 explore possible channels through
which the gender composition of friendship groups affects school perfor-
mance. Table 2.7 considers a set of school behavioural troubles and Table
2.8 investigates social behaviours.39

38Subjects are not considered individually as there are some individuals with missing
subject GPA scores and grouping increases the sample sizes.

39A more direct mechanism may operate through the academic ability of peers. As a
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Individuals were asked the frequencies with which they have troubles get-
ting along with the teacher, paying attention in class, getting homework done
and relating to other students on a five-point scale (from zero to four with
four being the most frequent). The first row of Table 2.7 (OLS coefficient in
GPA regression) reports strong negative correlations between the frequen-
cies of these troubles and GPA scores. Results in the respective columns
show that an increase in the share of opposite gender friends increases the
frequency of trouble getting along with the teacher and paying attention in
class, while the effects on trouble getting homework done and trouble with
other students are similarly positive, but imprecisely measured.40

The significant effects on the first two school troubles are sizeable. A
one standard deviation increase of 0.4 in the opposite gender friend share is
associated with a 0.5 increase in the reported frequencies getting along with
the teacher and paying attention in class. These are large effects given both
these series have approximate means and standard deviations of one.41

The set of mechanisms in Table 2.8 relate to effects most likely occur-
ring outside the classroom. The only significant gender composition effect
among this set of mechanisms operates through the probability of being in a
romantic relationship. An exogenous increase in the share of opposite gender
friends increases the likelihood of reporting being in a romantic relationship
in the past 18 months. Being in a romantic relationship is negatively associ-
ated with GPA scores when included independently of the other mechanisms
(not reported), but is essentially uncorrelated with GPA scores when all four
social mechanisms are included (first row). The existing literature finds a

result of the gender gap in school performance, females with a larger share of opposite
gender friends will, on average, have a larger share of less academically able friends. This,
in turn, may reduce the school performance of these females. No empirical support for
this hypothesis was found; the gender composition of the close neighbourhood had no
effect on the ability composition of friends for males and females separately, as well as the
combined sample.

40The gender composition of friends taking the same classes is highly correlated (0.7)
with the gender composition of all friends. This correlation is computed for a small
subsample of individuals for whom indices indicating the extent of shared courses with
schoolmates was available. It supports using the measure of gender composition based
on all friends when investigating friendship network gender composition effects inside the
classroom.

41Note that the correlations between the reported troubles and GPA scores are not
causal. There are many factors correlated with these troubles and not included in the set
of controls that may affect school performance. An alternative interpretation of this result
is considering the first two reported school troubles as proxies for general classroom be-
haviour and that the gender composition effect operates more generally through classroom
behaviour.
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correlation but does not make a strong case for a causal relationship be-
tween romantic relationships or sexual activity and high school achievement
(Halpern, 2000; Sabia, 2007). The fifth column shows that the behavioural
troubles found in the classroom are not evident in the home; individuals with
greater shares of opposite gender friends are not significantly more likely to
have had serious arguments with their mothers in the four weeks preceding
the survey.

Results in Table 2.9 provide further analysis of the three potential mech-
anisms for which precise estimates were obtained. The increased troubles in
the classroom and probability of being in a romantic relationship are strongly
evident for older high school students, but not for younger students. This is
consistent with the negative effect in mathematics and science for younger
students being a consequence of broader gender socialization effects rather
than any of the direct effects considered here.

The gender composition of an individual’s friendship network is likely
to fluctuate during high school as individuals move in and out of friend-
ship groups. The Add Health study included friendship nominations during
both the initial in-school interview (in which a brief survey was admitted
to all individuals in each sampled school) and the subsequent Wave 1 inter-
view (conducted on a subset of individuals at each school). The correlations
between the friendship network gender compositions are positive and signifi-
cant, varying between 0.3 and 0.5. This correlation confirms the presence of
an enduring component in peer gender composition, suggesting the poten-
tial for long run effects. Note that Wave 1 friendship nominations generate
the opposite gender friend shares used in this paper as outcomes and spatial
locations are obtained from this wave.

Results in Table 2.10 consider the effect on four long-term outcomes
of interest: subsequent-year GPA scores, graduated high school, attended
college and ever married. These outcomes are measured in Wave 4 of the
Add Health study conducted in 2008; the sample is substantially smaller due
to attrition.42 Estimates suggest an imprecise, negative effect of the opposite
gender share of friends on the three academic outcomes, and a significant
positive effect on the probability of ever being married. The latter finding is
not surprising given that an increase in the share of opposite gender friends
increases the probability of being in a romantic relationship in high school,
and the likely correlation between this and ever being married. These results
suggest persistence in the peer gender composition effects associated with
high school friendship groups.

42Results using imputed values are similar to those reported here.
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The identification strategy relies on the gender composition of same-
school close neighbours being orthogonal to all factors affecting academic
achievement other than the gender composition of weak friendship networks.
Correlation with unobservables is inherently untestable, but correlation with
observables is investigated graphically and statistically by regressing the in-
strument on observable characteristics.43 Thinking about the gender com-
position of an individual’s close neighbourhood as a random treatment, this
loosely investigates whether assignment was truly random.

Figure 2.9 plots the mean share of opposite gender close neighbours for
the four categories of mother’s and father’ education, as well as four bins
of annual household income. Plots suggest the absence of a systematic pat-
tern in the gender composition of close neighbours; means are 0.5 across
categories for each variable for both males and females. Plots for the share
of white same-school neighbours are included for comparison, and, as ex-
pected, means are no longer constant across categories for each variable.
This indicates that the share of white same-school neighbours is correlated
with the selected socio-economic indicators, and could not be interpreted as
a random treatment.

Appendix Table A.2 confirms that the instrument is balanced across ob-
servable individual characteristics. The correlation with the female indicator
variable reflects mild gender imbalance in the sample, while remaining cor-
relations are not systematic. There are some significant correlations in the
gender-specific results in the second and third columns, but these are also
not systematic.

The fourth column reports correlations between the share of white same-
school neighbours and individual characteristics. This column is included
for comparison purposes. The significant negative correlations with mother’s
education and public assistance receipt confirm that the race composition
of close neighbours is not balanced; white neighbourhoods differ systemat-
ically from non-white neighbourhoods along observable dimensions. This
suggests that these neighbourhoods may also differ along unobservable di-
mensions under the assumption of correlated selection on observables and
unobservables, indicating the invalidity of this approach to investigating the
race composition of friendship networks.

Remaining robustness checks are reported and discussed in the appendix.
These include showing that the pattern of results is not affected by the
functional form of the instrument, the school-specific nomination process or

43Altonji and Taber (2005) combine estimated selection on observables with various
assumptions about selection on unobservables to bound estimates of a treatment effect.

28



2.5. Conclusion

the chosen definition of friendship.

2.5 Conclusion

Parents are typically concerned about the composition of their high school
children’s peer groups. High school years are considered to be particularly
formative, and the general view is that friends exert considerable influence
over their peers during this period. This paper supports this hypothesis
by finding that an increase in the share of opposite gender friends causes
a reduction in high school academic achievement. The magnitude of the
effect is moderate: a one-standard deviation increase in the share of opposite
gender friends is associated with a 0.4 reduction in GPA.

An abundance of existing papers in the economics of education find that
classroom gender composition matters (Hoxby, 2000; Lavy and Schlosser,
2011; Schneeweis and Zweimüller, 2011). This paper provides evidence that
the gender composition of school friends plays an important role. Part of
the effect is shown to operate within the classroom environment through
increased troubles getting along with the teacher and paying attention in
class. These mechanisms are similar in type to those proposed by Lavy and
Schlosser (2011) for the positive effect of female classmates. They find that
female classmates lower the level of classroom disruption and improve re-
lationships in the classroom through changes in classroom composition and
not individual behaviour. Taken together with the results in this paper in
which individual behaviour is affected by friendship network gender compo-
sition, evidence is increasingly supportive of a general hypothesis in which
social interactions between genders affect classroom education production.

The negative effect of opposite gender friends for younger students is
found in mathematics and science and not in English and history. Inter-
preted alongside existing experimental and non-experimental studies, the
exclusivity of the effect in the traditionally male-dominated science sub-
jects, and the consistently larger estimates for females, are supportive of a
gender socialization hypothesis in which young adolescent females conform
to traditional gender roles in the presence of males. Given the sub-optimality
of socially-constructed constraints on achievement, this suggests there may
be efficiency gains from policy interventions limiting these effects.44

44One example of such a strategy may be single-sex mathematics and science class-
rooms. According to the National Association for Single Sex Public Education
(www.singlesexschools.org), the number of coeducational schools offering single-sex class-
rooms has increased from around a dozen in 2002 to 390 in the 2011-2012 school year.
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This study can also be interpreted in the context of the continuing de-
bate around single-sex and mixed gender education (Halpern et al, 2011).
The difficulties getting along with the teacher and paying attention in class
caused by an increase in the share of opposite gender friends are unlikely to
occur in single-sex classrooms that exclude opposite gender friends. These
effects on classroom behaviour are also indicative of the type of channels
through which achievement may be affected by reorganizing classroom gen-
der composition, and suggest that effects may operate through more than
better matches between teaching styles and the gender composition of the
class.45

45There are several other factors not captured by this analysis that would need to
be considered for an evaluation of single-sex education, but the evidence in this paper
contributes to the debate in the absence of random assignment to single-sex and mixed
gender classrooms in North America. Jackson (2011) exploits quasi-random assignment
to single-sex and mixed gender high schools in Trinidad and Tobago to investigate the
effects of single-sex education.
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2.6 Figures

Figure 2.1: Parent motivation for housing location
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The response−weighted reason is calculated from binary responses to statements of the form:
You/your household lives here because X. The interviewed parent could answer yes to as many reasons as desired.
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31



2.6. Figures

Figure 2.2: Spatial distribution within selected school 1
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Figure 2.3: Spatial distribution within selected school 2
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Figure 2.4: Share of matched friendship nominations
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Figure 2.5: Friendship nomination and sampling processes
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Figure 2.6: Distribution of grades
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Figure 2.7: Distribution of friendship network gender composition
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Figure 2.8: Distribution of close neighbourhood gender composition
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Figure 2.9: Balance tests
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Table 2.1: Descriptive statistics: dyadic pairs
Mean (standard deviation)
All Males Females

Distance
Distance between friends (m) 5,273 5,043 5,506

(8,404) (8,199) (8,602)
[98] [136] [139]

Distance between randomly-drawn 7,140 7,038 7,237
schoolmates (m) (6,317) (6,007) (6,599)

[68] [94] [101]
Gender of nominated friend
Opposite gender friend 0.37 0.39 0.35

(0.48) (0.49) (0.48)
Female friend 0.52 0.39 0.65

(0.50) (0.49) (0.48)
Interactions with nominated friend
Go to friend’s house 0.38 0.41 0.35

(0.48) (0.49) (0.48)
Meet after school to hang out 0.51 0.53 0.50

(0.50) (0.50) (0.50)
Spend time together during weekend 0.42 0.44 0.41

(0.49) (0.50) (0.49)
Talk about a problem 0.44 0.33 0.55

(0.50) (0.47) (0.50)
Talk on the phone 0.60 0.57 0.64

(0.49) (0.50) (0.48)

Observations 13,142 6,612 6,530
Share 1.00 0.50 0.50

Reciprocated nominations appear twice in these data. Standard devia-
tions in parentheses. Standard errors in square brackets.
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Table 2.2: OLS estimates of friend interactions on distance
(1) (2) (3) (4) (5)

Dyadic data: all nominations
Go to friend’s Meet after Spend time Talk about a Talk on

house school during w/end problem phone
Distance quantiles and interactions
Omitted category: Large distance between friends
Small distance between friends 0.26*** 0.11*** 0.14*** 0.01 0.05**

(0.02) (0.02) (0.02) (0.02) (0.02)
Medium distance between friends 0.08*** 0.01 0.03 -0.00 0.05**

(0.02) (0.02) (0.02) (0.02) (0.02)

Female x small distance -0.05** -0.00 -0.01 -0.02 -0.05**
(0.03) (0.03) (0.03) (0.03) (0.03)

Female x medium distance -0.03 0.03 -0.01 -0.02 -0.04
(0.03) (0.03) (0.03) (0.03) (0.03)

Opposite gender friend x small distance -0.10*** -0.03 -0.06** -0.00 -0.03
(0.03) (0.03) (0.03) (0.03) (0.03)

Opposite gender friend x medium distance -0.02 0.02 -0.01 0.04 -0.01
(0.03) (0.03) (0.03) (0.03) (0.03)

Female x opposite gender friend x small 0.01 -0.03 0.01 0.01 0.06
(0.04) (0.04) (0.04) (0.04) (0.04)

Female x opposite gender friend x medium -0.01 -0.05 -0.00 -0.07* -0.00
(0.04) (0.04) (0.04) (0.04) (0.04)

Gender and friend gender
Female -0.03 -0.04* -0.04** 0.31*** 0.14***

(0.02) (0.02) (0.02) (0.02) (0.02)
Opposite gender friend -0.20*** -0.21*** -0.18*** -0.02 -0.09***

(0.02) (0.02) (0.02) (0.02) (0.02)
Female x opposite gender friend 0.01 0.03 0.03 -0.18*** -0.16***

(0.03) (0.03) (0.03) (0.03) (0.03)

Observations 13,141 13,141 13,140 13,140 13,140
R-squared 0.14 0.10 0.09 0.13 0.09
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Table 2.3: Descriptive statistics: key variables
Mean (standard deviation)
All Males Females

GPA (A=4, D or lower=1; self-reported)
Overall mean 2.8 2.7 2.9

(0.8) (0.8) (0.8)
Mathematics and Science 2.7 2.6 2.8

(0.9) (0.9) (0.9)
English and History 2.9 2.7 3.0

(0.9) (0.9) (0.8)
School friends
Share opposite gender 0.38 0.38 0.37
(any nomination) (0.39) (0.39) (0.39)
Share opposite gender 0.17 0.19 0.16
(reciprocated nomination) (0.33) (0.34) (0.32)
Nearest 20 schoolmates (weighted)
Share opposite gender 0.49 0.50 0.49

(0.14) (0.14) (0.14)
School behavioural troubles (Never=0, every day=4)
Trouble getting along with teacher 0.8 0.9 0.7

(0.9) (1.0) (0.9)
Trouble paying attention in class 1.2 1.3 1.1

(1.0) (1.0) (1.0)
Trouble getting homework done 1.2 1.3 1.1

(1.1) (1.1) (1.0)
Trouble with other students 0.8 0.9 0.8

(1.0) (1.0) (1.0)
Friends, relationships, smoking and drinking behaviour
Number of friends 2.6 2.7 2.6

(2.6) (2.6) (2.6)
Relationship in past 18 months 0.56 0.54 0.57

(0.50) (0.50) (0.49)
Smoked at least one day in past 30 days 0.26 0.26 0.25

(0.44) (0.44) (0.43)
Drunk at least one day in past year 0.28 0.31 0.26

(0.45) (0.46) (0.44)
Long-term outcomes (reduced samples)
Graduated high school 0.94 0.93 0.95

(0.23) (0.25) (0.22)
Attended college 0.68 0.62 0.72

(0.47) (0.48) (0.45)
Ever married 0.45 0.43 0.46

(0.50) (0.49) (0.50)

Observations 8,435 4,124 4,311
Share 1.00 0.49 0.51
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Table 2.4: OLS estimates of GPA on gender composition of schoolmates and
close neighbours

(1) (2) (3) (4)
Overall GPA (A=4,D or lower=1)

School friends
Share opposite gender 0.07*** 0.11***

(0.02) (0.03)
Female x share opposite gender -0.08**

(0.04)
Nearest 20 schoolmates
Share opposite gender -0.13** -0.08

(0.06) (0.09)
Female x share opposite gender -0.11

(0.12)
Controls
Female 0.20*** 0.23*** 0.19*** 0.25***

(0.02) (0.02) (0.02) (0.06)
Other controlsa x x x x
School and grade fixed effects x x x x
Gender-specific correlations
Share opposite gender: males 0.11*** -0.08

(0.03) (0.09)
Share opposite gender: femalesb 0.03 -0.18**

(0.02) (0.08)

Observations 8,435 8,435 8,435 8,435
R-squared 0.24 0.24 0.23 0.23

aOther controls include individual demographics, parent demographics
and education, household income and family structure. bEstimate ob-
tained by summing share opposite gender and female x share opposite
gender coefficients. Indicator variables for school in saturated sample
and period of interview included. Robust standard errors clustered by
school in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 2.5: IV estimates of GPA on gender composition of high school friend-
ship networks

Overall GPA Math & English &
(A=4, D or lower=1) Science GPA History GPA

Gender-symmetric effects
(1) (2) (3) (4)

School friends
Share opposite gender -0.84* -1.05** -1.58** -0.67

(0.51) (0.53) (0.72) (0.54)
weak IV-robust 95% CI [-2.3, 0.1] [-2.6, -0.2] [-4.0, -0.5] [ -2.1, 0.3]
Controls
Female 0.21*** 0.18*** 0.13*** 0.24***

(0.02) (0.02) (0.03) (0.02)
Other controlsa x x x
School and grade fixed effects x x x x
First-stage coefficientsb

Share opposite gender in close
neighbourhood 0.13*** 0.13*** 0.12*** 0.13***

(0.03) (0.03) (0.03) (0.03)
Diagnostics
F-stat on excluded instrument 16.12 15.32 12.17 15.03

Gender-specific effectsc

(5) (6) (7) (8)
School friends
Share opposite gender: males -0.47 -0.54 -0.89 -0.33

(0.88) (0.80) (1.14) (0.79)
Share opposite gender: females -1.28 -1.63 -2.37 -1.05

(1.05) (1.15) (1.79) (1.04)
p-value of gender difference 0.61 0.50 0.56 0.63
Controls
Female 0.52 0.60 0.68 0.51

(0.61) (0.61) (0.95) (0.55)
Other controls x x x x
School and grade fixed effects x x x x

Observations 8,435 8,435 8,169 8,410
aOther controls include individual demographics, parent demographics and education,
household income and family structure. bEach coefficient is from the corresponding first
stage regression for that column. cThese models include interaction female x share oppo-
site gender, so female estimate obtained by summing share opposite gender and female x
share opposite gender coefficients. Indicator variables for school in saturated sample and
period of interview included. Robust standard errors clustered by school in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
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Table 2.6: IV estimates of academic achievement by age
Overall GPA Math and English and

Science GPA History GPA
Age ≤ 16

(1) (2) (3)
School friends
Share opposite gender -0.70 -1.39* 0.09

(0.60) (0.82) (0.61)
Controls
Female 0.19*** 0.14*** 0.26***

(0.03) (0.04) (0.03)
Other controls x x x
School and grade fixed effects x x x
First-stage coefficients
Share opposite gender 0.14** 0.14*** 0.14***

(0.05) (0.05) (0.05)
F-stat on excl instrument 9.15 8.76 9.07
Observations 4,142 4,133 4,134

Age > 16
(4) (5) (6)

School friends
Share opposite gender -1.60** -1.83* -1.88*

(0.81) (1.01) (1.00)
Controls
Female 0.17*** 0.12*** 0.23***

(0.03) (0.03) (0.03)
Other controls x x x
School and grade fixed effects x x x
First-stage coefficients
Share opposite gender 0.11** 0.09** 0.11***

(0.04) (0.04) (0.04)
F-stat on excl instrument 8.85 5.94 8.82
Observations 4,293 4,036 4,276

Indicator variables for school in saturated sample and period of interview in-
cluded. Robust standard errors clustered by school in parentheses. *** p<0.01,
** p<0.05, * p<0.1.
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Table 2.7: IV estimates of potential mechanism - school and classroom be-
haviours

Trouble Trouble Trouble
getting paying getting Trouble

along with attention homework with other
teacher in class done students

OLS coefficient in
GPA regressiona -0.10*** -0.06*** -0.15*** 0.02

(0.01) (0.01) (0.01) (0.01)

Gender-symmetric effectsb

(1) (2) (3) (4)
School friends
Share opposite gender 1.22* 1.27* 1.11 0.69

(0.73) (0.75) (0.76) (0.58)
Controls
Female -0.18*** -0.13*** -0.20*** -0.03

(0.03) (0.03) (0.03) (0.03)
All other controls x x x x

Observations 8,493 8,492 8,491 8,491
aEstimates in this row from OLS regression of GPA on potential mecha-
nisms. bResults from gender-specific regressions not reported as no signif-
icant gender differences. Indicator variables for school in saturated sam-
ple and period of interview included. Robust standard errors clustered by
school in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 2.8: IV estimates of potential mechanism - social and home behaviours
Relationship

in Smoked in Serious
Number of past 18 past 30 Drunk in argument
friends months days past year with mom

OLS coefficient in
GPA regressiona 0.02*** 0.00 -0.29*** -0.13*** -0.08***

(0.01) (0.01) (0.03) (0.02) (0.02)

Gender-symmetric effectsb

(1) (2) (3) (4) (5)
School friends
Share opposite gender -1.73 0.89** -0.08 0.31 0.46

(1.13) (0.38) (0.28) (0.26) (0.30)
Controls
Female -0.03 0.05*** -0.00 -0.04*** 0.08***

(0.05) (0.02) (0.02) (0.01) (0.01)
All other controls x x x x x

Observations 8,497 8416 8,440 8,483 7,984
aEstimates in this row from OLS regression of GPA on potential mechanisms. bResults
from gender-specific regressions not reported as no significant gender differences. Indicator
variables for school in saturated sample and period of interview included. Robust standard
errors clustered by school in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 2.9: IV estimates of selected mechanisms by age
Trouble Trouble Relationship
getting paying in

along with attention past 18
teacher in class months

Age ≤ 16
(1) (2) (3)

School friends
Share opposite gender 0.76 0.36 0.09

(0.95) (0.79) (0.47)
Controls
Female -0.19*** -0.12*** 0.03

(0.04) (0.03) (0.02)
All other controls x x x
Observations 4,141 4,141 4,133

Dependent variable
Mean 0.94 1.19 0.46
[standard deviation] [0.99] [1.00] [0.50]

Age > 16
(4) (5) (6)

School friends
Share opposite gender 1.60** 2.41** 1.89***

(0.77) (1.11) (0.66)
Controls
Female -0.18*** -0.14*** 0.07**

(0.03) (0.04) (0.03)
All other controls x x x
Observations 4,293 4,292 4,283

Dependent variable
Mean 0.74 1.27 0.65
[standard deviation] [0.89] [1.03] [0.48]

Indicator variables for school in saturated sample and period of
interview included. Robust standard errors clustered by school
in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 2.10: IV estimates of long-term effects of peer gender composition
Graduated

Subsequent high Attended Ever
year GPA school college married

Gender-symmetric effectsa

(1) (2) (3) (4)
School friends
Share opposite gender -0.68 -0.13 -0.13 0.52**

(0.52) (0.11) (0.25) (0.26)
Controls
Female 0.19*** 0.01 0.08*** 0.04***

(0.02) (0.01) (0.01) (0.01)
All other controls x x x x

Observations 5,822 6,646 6,647 5,894
aResults from gender-specific regressions not reported as no significant gen-
der differences. Indicator variables for school in saturated sample and pe-
riod of interview included. Robust standard errors clustered by school in
parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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3.1. Introduction

3.1 Introduction

The questions of whether low-achieving students should be retained in a
grade or required to repeat a failed course are answered by the extent to
which grade or course repetition affects the retained or repeating individual
and the extent to which grade or course repeaters affect their classmates. An
extensive literature has investigated the effect of grade or course repetition
on the individual, but there is a surprising lack of evidence on the potential
effects of grade or course repeaters on their classmates.46 This paper ad-
dresses the gap in the literature by investigating whether course repeaters in
high school mathematics courses exert significant negative externalities on
their course-mates. Using individual and school-specific course fixed effects
to control for ability and course selection, it shows that doubling the number
of repeaters in a given course (holding the number of course-takers constant)
results in a 0.6 reduction in GPA scores for first-time course-takers.

Many US states have both increased the number of mathematics credits
required for high school graduation and specified particular mathematics
courses that need to be passed (Reys et al, 2007). Media reports indicate
that this has increased the likelihood of repetition for students who fail high
school mathematics courses (Helfand, 2006). Seven percent of students in
the sample are repeating a failed mathematics course. For Algebra I, this
increases to fifteen percent. The effects of repetition in high school math-
ematics course are therefore important to understand. The state-specific
policies as of 2006 are summarized in Tables 3.1 and 3.2, and confirm that
a majority of US states have specific mathematics requirements for high
school graduation. The negative externalities exerted by repeaters on their
classmates found in this paper suggest a cost to course repetition ignored
by previous analyses, and, to the extent that the above policies encour-
age course repetition, a cost to these policies that has been overlooked by
policy-makers.47

46Lavy, Paserman and Schlosser (2011) come closest by investigating how the share
of students who are old for their grade (having been retained) affects their same-grade
schoolmates.

47There may, of course, be a benefit or cost experienced by the repeating individual.
This is not the focus of this paper, but is clearly important for a complete policy analysis.
Rose and Betts (2004) find that advanced high school mathematics courses have greater
effects on students’ earnings a decade after graduation than less advanced courses. This
may be interpreted as suggesting a possible benefit to repeating and passing a difficult
mathematics course. A recent article in the New York Times (Hacker, 2012) criticizing
policies that require algebra for high school graduation evoked substantial debate and
strong opinions on both sides, although little in the way of convincing empirical evidence.
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Understanding the externalities imposed by repeaters in high school
mathematics courses may also inform the grade retention debate. This is
because both grade retention and course repetition result in students being
exposed to a set of low-achieving classmates who are likely to share similar
characteristics.48 To the extent that repeating and retained students exert
similar externalities on their classmates, this paper suggests grade reten-
tion analyses should include effects exerted on classmates of the retained
individual.

Course repeaters may exert externalities on their course-mates in a va-
riety of ways. These course composition effects can be grouped into two
categories: general effects arising from repeaters being low-achievers and
specific repeater effects not exerted by other low-achievers. Low-achieving
students are likely to disproportionately extract teacher inputs or redirect
teacher inputs away from first-time course-takers. They may need more
time to understand concepts, slowing the pace of the class, and may also be
more likely to misbehave in the classroom given that disruptive behavior is
generally correlated with classroom ability, requiring teacher intervention.
Low-achieving classmates may also be more likely to directly distract their
classmates, lowering education production even without affecting teacher
inputs.

In addition to these low-achiever effects, course repeaters may exert addi-
tional externalities specifically related to failing and retaking a course. They
may be bored and inattentive when encountering course material for the sec-
ond time, increasing the likelihood of disruptive behavior. Repeaters may
also have a poor attitude or be uncooperative because they failed the course
the previous year, and this may negatively affect both their classmates and
the teacher.49

Course repeaters may also exert externalities through course size and
class assignment (for courses with more than one class). Course size effects

48The effects of grade retention and course repetition on the individual, however, are
likely to differ along several dimensions. This is primarily because retained and repeating
students are likely to be of different ages and maturities (retention typically occurs in
junior and middle schools while course repetition typically occurs in high school). In
addition, retained and repeating students are exposed to a different peer group shock
(retained students repeat all courses associated with a particular grade so are exposed to
a completely new set of peers while repeating students are only exposed to new peers in
the course they repeat).

49Another potential repeater mechanism operates in the other direction; repeaters may
provide examples of the consequences of failure, incentivizing more effort from first-time
course-takers at risk of failing. This paper finds an overall negative effect, so this channel
is at most a mitigating factor.
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are fully controlled in the estimation procedure, but are unlikely to be a fac-
tor given the large changes in class sizes required to observe effects50. Class
assignment may matter if repeaters are assigned to classes non-randomly.
For example, repeaters may be assigned to the best teacher for a particular
course if failing for a second time is particularly costly (either from the per-
spective of the school or the student). This may increase the likelihood of
first-time course-takers being assigned to another class with a worse teacher,
leading to poorer performance for first-time course-takers.

The primary focus of this study is an analysis of the combined low
achiever and repeater effects that course repeaters exert on their course-
mates. This is the appropriate level of analysis for an overall evaluation of
course repetition effects. Secondary results attempt to separate the general
low-achiever and specific repeater externalities.

The paper uses a fixed effects strategy on longitudinal transcript data
for multiple cohorts of US high school students to estimate the causal effect
of course repeaters on their classmates. Essentially, the study compares
the achievement of first-time course-takers in the same mathematics course
(such as Algebra I) in the same high school in different years using year-to-
year variation in the number of repeaters in the course to identify the effect.
It is assumed that unobserved year-specific shocks to classroom education
production in the previous year provide variation in the number of course
repeaters. An example of this is an absent teacher causing a higher course
failure rate.

Holding the number of students in a course constant (either parametri-
cally or using course size fixed effects), the academic achievement of first-
time course-takers is shown to be negatively correlated with the number of
repeaters in the course that year. This relationship is robust to a variety of
different specifications. The effect is concentrated in the lower and middle
parts of the achievement distribution, and males and females are similarly af-
fected. Suggestive evidence that the negative externalities exerted by course
repeaters are due to their being low-achieving and repeating is provided.

These results are best compared with those obtained by Lavy, Paserman
and Schlosser (2011). Defining low-ability students as students who are old
for their grade (most likely having repeated kindergarten or first grade), they
find that the proportion of low-ability peers is negatively correlated with the
academic achievement of regular students. Variation in the composition of
seven adjacent cohorts of 10th grade students in Israeli high schools (from
1994 to 2000) is used to identify the effect. It is argued that the majority of

50See, for example, Hanushek (1999).
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students had little experience with their peers prior to entering high school,
so results are not driven by common cohort-specific shocks.

This paper has three key distinctions from Lavy et al (2011). First,
we observe course enrolment and achievement for all students in a set of
high schools for multiple years allowing the inclusion of both individual and
school-specific course fixed effects. This approach deals with potentially con-
founding individual effects (such as cohort-specific shocks and ability differ-
ences) and course effects (such as repeaters being more likely to repeat diffi-
cult courses) that cannot be dealt with using repeated cross-sectional data.
Second, it isolates the effects of course-mates rather than grade-mates. Stu-
dents in the same grade may have little interaction and may not take many
of the same courses, which would attenuate effects for analyses performed at
the grade level. And, third, it focuses on high school mathematics courses
in the US, which is particularly relevant given policies stipulating minimum
mathematics requirements for graduation in US high schools increasing the
likelihood of mathematics course repetition.

Repeaters are low-achieving peers for first-time course-takers. Results
can therefore be compared with the literature investigating ability peer ef-
fects in high school. These papers exploit a variety of identification strate-
gies and typically find moderately-sized, negative achievement effects for
individuals exposed to low-ability peers.51

The externalities exerted by course repeaters may also be placed in the
context of the related literature investigating the effects of grade retention.
Babcock and Bedard (2011) investigate the long run effects of primary school
retention rates on both the retained and the promoted. They cannot sepa-
rate the effects of retention for the retained and promoted, but find that a
one standard deviation increase in early grade retention is associated with
a 0.7 increase in mean male hourly wages that is evident throughout the
wage distribution. They do, however, find that retention rates and educa-
tional attainment are statistically insignificant and economically small, and
acknowledge the possibility that retention rates may affect the retained and
promoted in opposite directions. In the same way, it is plausible that repeti-
tion may be beneficial to the repeating student and costly to the classmates
of the repeating student.

The literature investigating the causal effect of retention on the retained
has exploited a variety of policies to overcome selection into retention. It
provides evidence of both positive and negative effects. Positive achievement
effects of retention for third grade students are found by Jacob and Lefgren

51See, for example, Lavy et al (2012) and Burke and Sass (2013).
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(2004) and Greene and Winters (2007). These papers use Chicago and
Florida accountability policies respectively to obtain exogenous variation in
grade retention. Ding (2010) finds that holding children back in kindergarten
has positive but diminishing effects on their academic performance up to
third grade. Eide and Showalter (2001) use kindergarten entry dates as an
instrument for retention and find that retention reduces the probability of
dropping out of high school for white students. 52 These findings suggest
generally positive effects of retention on students retained up to the third
grade.

The effects for older students (more like those studied in this paper)
appear to be more nuanced. Jacob and Lefgren (2004, 2009) find that re-
tention in the sixth grade does not significantly affect achievement or high
school graduation, while retention in the eighth grace reduces the proba-
bility of high school graduation. Using data from junior high schools in
Uruguay and a policy of automatic grade failure for certain low-achieving
students, Manacorda (2012) shows that grade failure increases dropout rates
and lowers educational attainment.

Fruehwirth, Navarro and Takahashi (2011) recognize that retention ef-
fects are likely to differ by the grade at which the student is retained and the
unobservable behavioural and cognitive abilities of the student. They allow
for heterogeneous effects in their econometric model and obtain generally
negative effects from retention, suggesting grade retention is not an effective
policy for raising the performance of low-ability students.

This remainder of this paper is organized in the usual way: methodology,
data, results and then interpretation.

3.2 Empirical Methodology

The academic achievement of first-time course-taker i in course j, high school
s, cohort c and year t is modeled as a linear function of the natural loga-
rithm of one plus the number of repeaters in the course Rjst

53, the natural
logarithm of the number of students in the course Cjst (course size), and a
composite error term:

GPAijsct = β ln(1+Rjst)+ γ lnCjst+ �i+ �js+ �sc+ �t+ �jst+µijsct (3.1)

52Estimates for black students were uninformative.
53The addition of one to the number of repeaters ensures that the natural logarithm

of zero is avoided. Results are qualitatively similar when courses with zero repeaters are
dropped from the sample.
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The coefficient β represents the level change in student GPA score for
a percentage change in the number of course repeaters. The lnCjst term
controls for the potential negative effect of course size on achievement and
is important because of the mechanical relationship between the number
of course repeaters and course size. Without controlling for course size,
estimates of the negative externalities exerted by repeaters would exaggerate
the effect.

This parametrization of the education production function is chosen so
estimated coefficients are easy to interpret. Results from a variety of other
specifications in which course repeaters enter linearly, quadratically and as
shares are reported in the appendix. The interpretation of results are con-
sistent across specifications.

The error term is modeled to consist of individual ability �i, school-
specific course difficulty �js, a school-specific cohort effect �sc, a general
time trend �t, a school-specific course time trend �jst, and a remaining id-
iosyncratic shock to achievement µijsct.

Several components of this error term may be correlated with the number
of course repeaters, which would bias estimates of the effect. A variety
of fixed effects and time trends are included in the estimation to remove
these potential biases.54 Several of these rely on observing multiple years
of student achievement in high school for multiple cohorts, representing an
advantage over repeated cross-sectional analyses or longitudinal analyses of
one cohort.

GPAijsct = β ln(1 +Rjst) + γ lnCjst + θjs + θt + θjst + θi + µijsct (3.2)

School-specific course fixed effects θjs control for course difficulty as well
as any other course-specific factor affecting both the achievement of first-
time course-takers and the number of course repeaters. A positive correla-
tion between course difficulty and the number of course repeaters is expected
if students are more likely to fail and repeat difficult courses. Alternatively,
low-ability students who consider themselves more likely to repeat a course
may select out of difficult courses (if the course is not required for gradua-
tion). This would generate a negative correlation between course difficulty
and the number of repeaters. The net direction of the correlation between

54These are implemented using a two-stage procedure in which fixed effects are applied
to demean variables in the first stage before the analysis is performed on the demeaned
variables in the second stage. This is because the final estimation is only performed on
first-time course-takers, but the fixed effects need to capture the influence of repeaters.
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course difficulty and the number of course repeaters could be either positive
or negative, which respectively would bias the effect upwards or downwards
in the absence of these fixed effects.

Year fixed effects θt and linear school-specific course trends θjst con-
trol for any correlated trends in student achievement and course repeti-
tion. Consider grade inflation. Every subsequent year, fewer students fail
a given course, resulting in fewer course repeaters every subsequent year.
At the same time, first-time course-takers perform better every year. This
generates a pattern of increased achievement associated with fewer course
repeaters that has nothing to do with course repetition. In the absence
of this set of controls, estimates of the effect of course repeaters would be
upwardly-biased.

School-specific cohort fixed effects θsc may be included to control for co-
hort effects. An alternative approach to dealing with cohort effects is the
inclusion of individual fixed effects θi. 55 Individual fixed effects are pre-
ferred as they improve precision by controlling for individual ability. They
also control for other forms of individual selection not considered in the
above discussion.

Finally, it is noted that grading to a curve would bias the estimated
effects. Repeaters are low-achieving students, so maintaining a constant
course average in the presence of an increase in the number of repeaters
would necessitate higher GPA scores for first-time course-takers. This would
attenuate estimates of the externalities exerted by course repeaters on first-
time course-takers, so results would be a lower bound of the true effect.
However, variation in the unconditional means of school-specific course GPA
scores in different years suggest that year-to-year grading to a curve may
not be that pervasive.

Descriptive statistics include results from ordinary least squares regres-
sions of current achievement on an individual’s past mathematics course
achievement (such as failing and repeating the course). Estimates from this
equation do not have a causal interpretation as we cannot control for non-
random selection into course repetition, but are included to describe what
happens to individual students when they repeat a course.56

Placebo tests in which achievement depends on the number of repeaters
in the same course and same school but in different years are conducted

55Individual fixed effects nest cohort fixed effects as individuals belong to one cohort.
56Existing studies have used a variety of natural experiments and policies to obtain

causal estimates of this relationship. These are discussed in the introduction.
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using the following equation where p ∈ {t− 1, t, t+ 1, t+ 2}:

GPAijsct = βp ln(1 +Rjsp) + γp lnCjsp + θjs + θt + θjst + θi + µijsct (3.3)

The number of repeaters at time t − 1 and time t + 2 should be uncor-
related with the achievement of first-time course-takers at time t, so it is
expected that βt−1 = βt+2 = 0. In addition, there may be a negative rela-
tionship between the number of repeaters at time t+1 and the achievement
of first-time course-takers at time t. This is because there may be fewer
repeaters when first-time course-takers perform well the previous year and
more repeaters when first-time course-takers perform poorly.

Separating the general low achiever and specific repeater effects is inves-
tigated by including separate variables for the number of course repeaters
who failed the course the previous year (the variable used in the primary
specification above), the number of course-mates who failed their mathe-
matics course the previous year F (but are not necessarily repeating the
course that they failed), and the number of students who are repeating the
course even though they may not have failed it the previous year Q.57

GPAijsct = βR ln(1+Rjst)+βF ln(1+Fjst)+βQ ln(1+Qjst)+γ lnCjst+�ijsct
(3.4)

The effect of the number of students who failed their mathematics course
the previous year βF captures externalities exerted by low-achieving course-
mates, while specific repeater externalities are reflected in the coefficient
on the number of students who are repeating without necessarily having
failed βQ. These effects are contrasted with the externalities associated
with course-mates repeating the course after failing the course the previous
year βR.

Results from this specification need to be interpreted with some caution.
First, the variables R, F and Q are highly collinear, increasing specifica-
tion sensitivity and reducing out-of-sample performance. And, second, the
variation that identifies the coefficients is generated by endogenous student
choices. We do not have a policy or natural experiment that determines
whether a student who fails a mathematics course choose to repeat it or
chooses to do another mathematics course, and this may affect the exter-
nalities they exert.

57There are a surprisingly large number of students repeating a course after passing it
the previous year. This phenomenon is discussed in more detail in the data section.
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Mechanisms through which course repeaters exert negative externalities
are investigated by considering how the number of repeaters in a course
affects the self-reported educational experience of first-time course-takers.
Students were surveyed during high school and asked about the frequency
with which they experienced a set of difficulties in the classroomDisct. These
data are only available for two years (there were only two survey waves
conducted while students were in high school) and for a small number of
students, so these estimations do not include individual fixed effects:

Disct = β ln(1 +Rjst) + γ lnCjst + θjs + θt + θjst + µijsct (3.5)

The subsequent section provides a full description of the data used in
the analysis.

3.3 Data and Descriptive Statistics

This paper uses data from the National Longitudinal Study of Adolescent
Health (Add Health). The Add Health is a school-based longitudinal study
of a nationally representative sample of US adolescents who were in grades
7 to 12 during the 1994-1995 school year. A core sample was selected to
participate in a series of detailed surveys, the most recent being in 2008
when individuals were aged between 24 and 32.

Complete high school transcript data (grades 9 to 12) are available for
individuals selected for the core sample. For all of these individuals, the
transcript data include a categorization of the mathematics course taken in
every year of high school (or an indication that no mathematics courses were
taken that year), the GPA score obtained in each of these courses, and a
failure index variable describing whether the student passed or failed these
courses.58 This information is required for all students in a school in order to
accurately compute the course composition measures used in the analysis. If
transcript information is only available for a subset of students in the school,
information is only available for a subset of a student’s course-mates. The
study is therefore restricted to fifteen schools in which all students in the
school were selected for the core sample. This is known as the saturated

58A subset of students may have taken more than one mathematics course in a given
year. For these students, the provided course categorization is for the highest level math-
ematics course taken that year, the reported GPA score is the mean GPA score over
all mathematics courses taken, and the failure index describes the share of mathematics
courses failed.
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sample. Figure 3.1 plots the number of students who enrolled in at least
one mathematics course in each of these schools, showing that there are two
large schools and thirteen smaller schools.

The analysis is restricted to the years between 1992 and 1996 to ensure
that courses are mostly populated by students included in the above sam-
ple. The pooled sample includes 6341 student-years. Appendix Table B.1
reports the demographics of the sample. There are 2270 unique students
in the sample, so course achievement data is observed an average of 2.8
times per student. There are 3191 student-year observations describing the
achievement of male students and 3150 student-year observations describing
the achievement of female students. Descriptive statistics are provided in
Table 3.3. Female students consistently perform better than male students
across all measures of academic achievement.

Past achievement for each student in each year is described by three vari-
ables: an indicator for repeating a mathematics course that was failed the
previous year, an indicator for failing any mathematics course the previous
year (without necessarily repeating it the subsequent year), and an indicator
for repeating the same mathematics course (without necessarily having failed
it the previous year). There are some student-year observations with miss-
ing past achievement information. These students are considered first-time
course-takers, although removing them from the sample does not change the
results. Figure 3.2 reports the distribution of mathematics GPA scores by
previous performance. As expected, first-time course-takers perform con-
siderably better than repeat course-takers, although there are some repeat
course-takers who obtain the maximum GPA score of 4.

The first column of Table 3.3 indicates that 7 percent of students in
the sample are repeating a failed mathematics course.59 The externalities
exerted by these students on first-time course-takers are the primary focus of
this study. The other two achievement indicators provide secondary evidence
to distinguish the externalities associated with general low-achievement and
specific repetition: 17 percent of students failed their previous mathematics
course and 14 percent of students are repeating a mathematics course.

Course composition measures are obtained by averaging the individual
achievement indicators of students in the same course in the same school in
the same year. Course-mates may not be classmates if courses are divided
into multiple classes within a school. The mean number of students per
mathematics course is 11260, indicating that an average course consists of

59Technically, these are student-years, so 7 percent of student-year observations describe
students repeating a failed math course.

60Note that these means are computed by equally weighting student-year observations
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more than one class. On average, first-time course-takers are exposed to
five students who are repeating the course after failing it the previous year.
Course composition is also described in terms of shares rather than counts.
The distribution of course sizes for all of the course-years included in the
analysis is plotted in Figure 3.3. The identification relies on variation in the
number of repeaters in the larger courses; effects are imprecisely estimated
if these courses are excluded. Figure 3.4 plots the variation in the number of
students repeating a failed course per school-course-year. Thirty percent of
student-course observations correspond to school-course-years in which no
students are repeating a failed course, and the median and mean number
of students repeating a failed course per school-course-year are 3 and 5.5,
respectively.

Course-specific descriptive statistics are provided in Table 3.4. Mathe-
matics courses are categorized into nine different groupings by survey ad-
ministrators.61 These are loosely ordered by difficulty from Basic/Remedial
Mathematics to Calculus. The three most popular high school mathematics
courses (by enrolment) are Algebra I, Geometry and Algebra II. Results are
largely driven by variation in the number of repeaters across these three
courses.

Fifteen percent of students in Algebra I are repeating the course after
failing it the previous year. The shares of students repeating the more
advanced courses of Geometry and Algebra II are smaller. This indicates
that low-ability students who are most likely to fail and repeat select out
of mathematics courses after taking Algebra I. This may be by choice or
because they are not allowed to progress given their achievement in Algebra
I.

The transition of students between mathematics courses is described in
the two panels of Table 3.5. The first panel is based on 3741 student-year
observations and describes the course transition of students who passed their
previous mathematics course. The second row of this panel indicates that of
the 450 students who passed General/Applied Mathematics, 66 percent take
Algebra I the following year. Seventy-one percent of students follow Algebra
I with Geometry while seven percent follow with Algebra II. Somewhat
surprisingly, 16 percent of students repeat Algebra I after passing it. The

and not by equally weighting course-year observations, so large course-years with many
students receive a greater weight. This also explains why the mean shares are not simply
the ratios of the mean counts.

61The actual categorization process is not important for this paper given that students
in the same course in the same school in the same year are necessarily categorized as
taking the same course.
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primary source of this irregularity appears to be one large school. This
school is excluded from the analysis in a sensitivity check to confirm that
this anomaly is not affecting results.62 Ninety percent of students who
pass Geometry follow it with Algebra II and 74 percent of students who
pass Algebra II follow it with Calculus. A typical progression for passing
students is a subset of the path General/Applied Mathematics to Algebra I
to Geometry to Algebra II to Calculus, although several other course paths
are also observed.

The second panel of Table 3.5 describes the course transitions of stu-
dents who failed their previous mathematics course. It indicates that, for
most courses, repetition is the modal behavior of students who failed. In-
terestingly, a nontrivial number of students still progress. Twenty-three
percent of students who fail General/Applied Mathematics take Algebra I
the next year, 29 percent of students who fail Algebra I take Geometry, and
37 percent of students who fail Geometry take Algebra II.

The final set of descriptive statistics is provided in Table 3.6. This
table describes how current student achievement is associated with past
achievement in a series of OLS regressions. The negative coefficients in the
first three columns reflect that students repeating a failed math course are
lower achievers (and likely of lower ability) than first-time course-takers.
The coefficient drops from -0.8 to -0.4 in the third column when school-
specific course fixed effects control for course difficulty. This suggests that
part of the reduced achievement of repeaters is because they are repeating
more difficult courses than those taken by other students.

The remaining three columns in Table 3.6 include individual fixed effects
to control for individual ability. The correlations between repeating a failed
course and current achievement are imprecise but positive in the fourth and
fifth columns, suggesting an increase in achievement for students repeating
a failed course relative to when they took it for the first time. The sixth
column includes the other past achievement indicators to separate the as-
sociations with failing and repeating. Students perform better after failing
their previous mathematics course and when repeating the same mathemat-
ics course, but there is no additional improvement for specifically repeating
a failed course. It is emphasized that these associations are descriptive and
non-causal.

62One possible hypothesis is that two different courses at this school were categorized
as Algebra I.
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3.4 Results

Table 3.7 reports the primary set of results. Controls are added sequentially
across columns. The coefficient on the log number of students failed and
repeating of -0.25 in the first column is estimated without controlling for
course size and excluding school-course and individual fixed effects. The
coefficient falls in magnitude to -0.20 when course size is controlled in the
second column, confirming that the previous estimate exaggerated the effect.
Course size and GPA are shown to be negatively correlated. The specifi-
cation in the third column includes school-course fixed effects to control
for course difficulty, and the magnitude of the effect falls further to -0.17.
This indicates that the net effect of course difficulty biased the estimates
downwards; first-time course-takers systematically perform worse in more
difficult courses with more repeaters.

The fourth column reports results from the preferred specification, con-
trolling for course size and including the full set of fixed effects. The coeffi-
cient of -0.15 is the level change in GPA scores for first-time course-takers
caused by a doubling of the number of repeaters in a course (a 100 percent-
age point increase in the number of course repeaters or a 1 unit increase in
the natural logarithm of the number of course repeaters). For the average
mathematics course, this is an increase from five to ten repeaters in a course
of around 100 students. Course repeaters do exert negative externalities.

The relationship between course size and GPA is no longer significant.
Without information on class assignment (within courses), class size effects
cannot be directly investigated with these data. This result does, however,
suggest that repetition effects may be a more important concern than class
size effects (which have received considerable attention).

Results from placebo tests in Table 3.8 support the empirical strategy.
The first column indicates that doubling the number of repeaters in the
course the year before it was taken is associated with a -0.02 (no) change in
GPA scores for first-time course-takers. The second column is the original
specification, while the third column reveals that the achievement of first-
time course-takers is negatively correlated with the number of repeaters the
next year, although the estimate is not significant. This is expected as course
repeaters are course-takers from the previous year that performed poorly.

Distributional effects are investigated in Figure 3.5. This graph plots es-
timates from a series of linear probability models in which binary indicators
for attaining at least the specified GPA score are the dependent variables.
Results in this figure partially inform our understanding of the negative
externalities exerted by repeaters. Negative effects at the top of the distri-

60



3.4. Results

bution may indicate teachers transferring inputs from high achievers to low
achievers (such as slowing the pace of the class), negative effects throughout
the ability distribution may indicate repeaters being generally disruptive,
while negative effects concentrated at the bottom of the distribution may
indicate repeaters specifically distracting other low achievers. The negative
externalities exerted by repeaters are evident in the middle and lower parts
of the distribution. This is evidence against the hypothesis that teachers
transfer inputs away from high achievers when there are more repeaters in
a course, and suggests repeaters may specifically distract other students in
similar parts of the achievement distribution.

Course repeaters may exert negative externalities on first-time course-
takers only when they reach a threshold share of the course. This form
of nonlinearity cannot be captured by the above specifications. Figure 3.6
investigates threshold effects by plotting coefficients from a series of regres-
sions taking the form of Equation 3.2, but with the explanatory variable
being a binary indicator of whether the share of repeaters exceeds the spec-
ified level. The estimated effect is the difference in GPA scores between
first-time course-takers exposed to a share of repeaters above the specified
level and first-time course-takers exposed to a share of repeaters below the
specified level. The plot suggests the negative effect is already evident when
the share of repeaters reaches five percent of course-takers, although it is
only statistically significant when the share reaches nine percent of course-
takers. The negative effect on first-time course-takers remains relatively flat
until the share of repeaters reaches fifteen percent after which it becomes
very imprecise.

Gender and race heterogeneity in the effect is investigated by interact-
ing the number of repeaters with gender and race indicators. These results
are reported in Table 3.9. The third column includes both gender and race
interactions. Doubling the number of repeaters in a course reduces the GPA
scores of white males (the omitted category) by 0.27. Females are slightly
less affected than males, but the gender difference is not statistically dif-
ferent. The negative externalities exerted by repeaters on black first-time
course-takers are significantly smaller than those exerted on white students,
while other differences by race are imprecisely estimated. Descriptive statis-
tics in Appendix Table B.1 indicate that black students are more likely to
fail and repeat mathematics courses. The smaller effect for black students
suggests smaller effects in schools with more black students, and, given that
black students are more likely to repeat, may indicate a declining effect for
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each additional percentage point increase in the number of repeaters.63

Results in Table 3.10 attempt to distinguish the externalities exerted by
course repeaters because they are low achievers and the externalities exerted
specifically because they are repeating. The number of students who failed
their previous mathematics course is considered a proxy for the number of
low achievers in the course. All repeaters should exert the specific exter-
nalities associated with course repetition to some extent, so including the
number of repeaters who previously passed or failed therefore captures the
specific repeater externality. (Recall from Table 3.5 that a surprising number
of students repeat a passed course.) As discussed in the empirical methodol-
ogy section, these measures are highly correlated and results are somewhat
sensitive. They are interpreted as suggestive rather than conclusive.

The second and third columns reveal that both the number of low achiev-
ers and the number of repeaters are negatively correlated with the GPA of
first-time course-takers when included in separate regressions. The third
column includes both of these measures and the original variable. Only the
coefficient of -0.14 on the log number of students failed and repeating is neg-
ative and statistically significant, although the number of low achievers (as
measured by the number of students who failed their previous mathematics
course) also enters the estimated GPA production function negatively. This
suggests that both specific repeater and general low achiever effects may
be in operation. One implication of this is that encouraging low-achieving
students to progress to higher-level mathematics course rather than repeat
may not fully address the issue as the negative externalities exerted by these
students would persist in the higher-level courses. A more appropriate pol-
icy for negating these externalities may be to direct failing students away
from mathematics courses or towards less cognitively-demanding numeracy
courses.

3.5 Conclusion

Mathematics is difficult for many students, and course repetition in high
school mathematics courses is a common occurrence. This repetition is
promoted by policies in several US states that stipulate a minimum level
of mathematics to graduate high school. Mathematics is also generally

63The logarithmic functional form captures some nonlinearity in the effect, but actual
nonlinearities may be more pronounced or take a different form. The small sample and
the related absence of statistical power do not allow a fuller investigation of this; a non-
parametric analysis in which a series of bins for the number of repeaters were included as
explanatory variables was uninformative.
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considered important for future job market success, acting as further en-
couragement for students to repeat failed mathematics courses. Previous
discussions around the benefits and costs of course repetition have focused
on the potentially-repeating individual student.

This paper takes a new step by considering the externalities exerted by
course repeaters on other students taking the course for the first time. A
doubling of the number of repeaters in a mathematics course leads to a 0.15
reduction (approximately equal to the mean female-male achievement gap)
in GPA scores for first-time course-takers. The effect appears to dominate
course size effects, and, given the relationship between course size and class
size and the extensive literature on class size, warrants more attention.

Using Israeli data, Lavy et al (2011) finds that higher proportions of
low-ability students in a grade are associated with reductions in the general
quality of the classroom environment. This provides a candidate mechanism
through which the negative externalities reported in this paper may operate.
The estimated distributional effects indicate that course repeaters negatively
affect students at the middle and lower parts of the achievement distribution.
This suggests that course repeaters may be more likely to distract classmates
who are located in similarly-low parts of the achievement distribution rather
than high achievers, which is particularly concerning given these students
are already at risk. The effect does not appear to operate through teachers
redirecting resources to low-ability students from high-ability students, so
policies that promote maintaining a constant level of teacher inputs irre-
spective of the classroom distribution of repeaters may not be effective in
alleviating the negative externalities.

Results also suggest that the negative externalities exerted by course re-
peaters arise because these students are both low-achieving and repeating.
This is important because policies that reduce course repetition may not
deal with the low-achiever effects. If the negative externalities exerted by
course repeaters outweigh the potential benefits of repetition for the repeat-
ing student, a more fitting solution may be promoting numeracy courses
rather than Algebra and Geometry for high school students who do not
display an aptitude for mathematics.

Finally, suggestive evidence indicates that the negative effect is mitigated
if the share of repeaters remains below five percent. This presents a possible
policy response of stipulating a maximum share of repeaters permitted in a
course. The overall finding of negative externalities emphasizes the need to
include the effect of repeaters on their classmates when considering optimal
grade retention, course repetition and high school graduation policies.
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Figure 3.1: Number of students enrolled in math courses per school
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Figure 3.2: Distribution of math GPA scores by past achievement
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Distribution of math GPA scores by previous performance

Figure 3.3: Number of students per school-course-year (class)
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Figure 3.4: Distribution of number of students repeating a failed course per
school-course-year
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The unit of observation is a student−course. Thirty percent of student−course observations
correspond to school−course−years (classes) in which no students are repeating a failed
course. The median and mean number of students repeating a failed course per school−
course−year are 3 and 5.5, respectively indicated by the green and red vertical lines.

Figure 3.5: Distributional effects
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Figure 3.6: Threshold effects of share repeaters on GPA of first-time course-
takers
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3.7 Tables

Table 3.1: Number of years of high school mathematics courses/credits re-
quired for graduation
Years States Total
Specified at local level CO, IA, ME, MA, NE 5
1 year 0
2 years AK, AZ, CA, ID, MT, ND, WI 7
3 years CT, DC, DoDEA, HI, IL, KS, KY, LA,

MD, MN, MO, NH, NM, NJ, NV, NY,
OH, OK, OR, PA, TN, UT, VT, WY 24

4 years AL, AR, DE, FL, MI, MS, RI, SC, TX,
WA, WV 11

Varies by diploma IN (2-4 yrs), GA (3-4 yrs), NC (3-4 yrs),
SD (3-4 yrs), VA (3-4 yrs) 5

Source: Reys et al, 2007
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Table 3.2: Courses required for high school graduation/diploma
Course States Total
Algebra I AL, AR, CA, DoDEA,

DC*, FL*, GA*, IL,
KY, MD, MI, MS, ND,
NH, NM**, OK**, SD,
TX, UT* 19

Algebra I
Integrated Mathematics I IN, LA*, NC, TN* 4
Geometry AL, AR, DoDEA, IL,

KY, MD, MI, TX, UT* 9
Geometry or
Integrated Mathematics II 0
Algebra II AR, MI 2
Algebra II
Integrated Mathematics III DE* 1
Algebra I, Geometry, Algebra II
OR Integrated Mathematics I-III LA, TN*, VA 3

* Or an equivalent course, ** Minimum requirement.
Source: Reys et al, 2007
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Table 3.3: Descriptive statistics - Pooled (Units: student-years)
Mean (standard deviation)
All Males Females

Academic outcomes:
Math GPA score (transcript)a 2.17 2.05 2.28

(1.17) (1.16) (1.17)
Individual past achievement
- binary indicators:b

Failedc and repeating math course 0.07 0.08 0.06
Failed math course in previous year 0.17 0.19 0.15
Repeating math course from previous year 0.14 0.16 0.13
Course-mates:d

Course size (number of students) 111.63 113.11 110.12
(88.10) (87.47) (88.72)

Number of students failed and repeating 5.46 5.55 5.37
(6.55) (6.57) (6.52)

Number of students failed 13.22 13.48 12.96
(14.34) (14.29) (14.38)

Number of student repeating 12.44 12.72 12.15
(18.36) (18.47) (18.25)

Share of students failed and repeating 0.08 0.08 0.08
(0.10) (0.10) (0.11)

Share of students failed 0.18 0.19 0.18
(0.19) (0.19) (0.19)

Share of students repeating 0.19 0.19 0.19
(0.24) (0.24) (0.24)

Observations 6341 3191 3150
Share 1 0.50 0.50

aThe math GPA score is the mean GPA over all math courses taken in a
given year if more than one course is taken in the year. bMeans for these bi-
nary indicators based on smaller samples due to missing past achievement
for some individuals. cFailed is a binary indicator that equal to one if any
failure in previous year’s math courses. dCourse-mates are students in the
same school, taking the same course, in the same year.
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Table 3.4: Descriptive statistics by math course - Pooled (student-years)
Basic/ General/ Pre- Algebra Geometry Algebra Advanced Pre- Calculus

Remedial Applied algebra I II calculus
Academic outcomes:
Math GPA score (transcript)a 1.66 2.07 1.96 1.92 2.26 2.32 3.00 2.65 3.04
Individual past achievement
- binary indicators:b

Failedc and repeating math course 0.11 0.08 0.12 0.15 0.05 0.04 0.00 0.01 0.00
Failed math course in previous year 0.54 0.36 0.51 0.21 0.13 0.10 0.00 0.05 0.00
Repeating math course from previous year 0.22 0.28 0.20 0.36 0.07 0.05 0.04 0.04 0.00
Individual current achievement
- binary indicators:
Fail and repeat math course 0.10 0.03 0.08 0.08 0.04 0.05 0.00 0.02 0.00
Fail math course 0.31 0.19 0.25 0.23 0.17 0.18 0.04 0.09 0.05
Repeat math course 0.20 0.12 0.15 0.20 0.07 0.07 0.25 0.12 0.20
Course-mates:d

Course size (number of students) 51.12 89.09 41.61 159.69 130.24 100.96 8.07 58.28 24.85
Number of students failed and repeating 3.70 1.92 2.18 10.94 4.48 4.34 0.00 0.79 0.00
Number of students failed 21.08 6.11 11.32 16.11 16.72 12.57 0.21 3.43 0.00
Number of student repeating 8.51 7.24 4.17 29.04 7.01 6.11 0.25 2.41 0.00
Share of students failed and repeating 0.12 0.12 0.13 0.14 0.04 0.04 0.00 0.01 0.00
Share of students failed 0.53 0.34 0.40 0.20 0.12 0.10 0.01 0.05 0.00
Share of students repeating 0.22 0.47 0.19 0.35 0.06 0.05 0.04 0.03 0.00
Observations 340 571 313 1790 1469 1160 72 483 143
Share 0.05 0.09 0.05 0.28 0.23 0.18 0.01 0.08 0.02

aThe math GPA score is the mean GPA over all math courses taken in a given year if more than one course is taken in the year. bMeans for
these binary indicators based on smaller samples due to missing past achievement for some individuals. cFailed is a binary indicator that equal
to one if any failure in previous year’s math courses. dCourse-mates are students in the same school, taking the same course, in the same year.
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Table 3.5: Transition matrices - shares: Mathematics (student-years)
Panel A: No math course failure in previous year

Current course
Previous course 1 2 3 4 5 6 7 8 9 Total
1 - Basic/Remedial 0.19 0.10 0.21 0.47 0.02 0 0 0 0 163
2 - General/Applied 0.12 0.11 0.06 0.66 0.03 0.01 0 0.00 0 450
3 - Pre-algebra 0.06 0.05 0.08 0.78 0.02 0.00 0 0 0 202
4 - Algebra I 0.01 0.02 0.00 0.16 0.71 0.07 0 0.01 0 1,264
5 - Geometry 0.00 0.01 0.00 0.02 0.03 0.90 0.01 0.02 0 947
6 - Algebra II 0.00 0.04 0.00 0.01 0.12 0.03 0.05 0.74 0.01 539
7 - Advanced 0 0 0 0 0.11 0 0.33 0.44 0.11 9
8 - Pre-calculus 0 0 0 0 0 0.01 0.09 0.07 0.83 167
9 - Calculus 0 0 0 0 0 0 0 0 0 0
Total 115 139 89 758 1,012 972 64 449 143 3,741

Panel B: Any math course failure in previous year
Current course

Previous course 1 2 3 4 5 6 7 8 9 Total
1 - Basic/Remedial 0.41 0.07 0.28 0.24 0 0 0 0 0 68
2 - General/Applied 0.46 0.18 0.12 0.23 0.01 0 0 0 0 95
3 - Pre-algebra 0.30 0.11 0.39 0.18 0 0.02 0 0 0 56
4 - Algebra I 0.10 0.08 0.07 0.44 0.29 0.02 0 0.00 0 323
5 - Geometry 0.06 0.09 0.09 0.05 0.34 0.37 0 0.01 0 163
6 - Algebra II 0.04 0.11 0.04 0.03 0.08 0.53 0 0.18 0 79
7 - Advanced 0 0 0 0 0 0 0 0 0 0
8 - Pre-calculus 0 0.13 0 0 0.13 0.13 0 0.63 8
9 - Calculus 0 0 0 0 0 0 0 0 0 0
Total 134 78 93 199 156 110 0 22 0 792
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Table 3.6: Correlation between previous and current mathematics achieve-
ment
Dependent variable: GPA score (1) (2) (3) (4) (5) (6)
Previous year academic
achievement:
Failed and repeating course -0.89***-0.81***-0.39*** 0.36 0.30 -0.11

(0.04) (0.02) (0.08) (0.25) (0.21) (0.12)
Failed course in previous year 0.34***
(not necessarily repeating) (0.06)
Repeating course from
previous year 0.18***
(not necessarily having failed) (0.04)
Fixed effects:
Year (5) x x x x x
School-cohort (56) x x x x x
School-course (84) x x x
Individual (2047) x x x
Observations (student-years) 4533 4533 4533 4533 4533 4533
Number of students 2047 2047 2047 2047 2047 2047

Robust standard errors clustered by school in parentheses. *** p<0.01, ** p<0.05,
* p<0.1.

Table 3.7: Effect of course repeaters on academic performance of first-time
course-takers

Sample: First-time course-takers
Dependent variable: Math GPA score (1) (2) (3) (4)
Course-mates:
Log number of students failed -0.25***-0.20***-0.17*** -0.15**
and repeating (0.04) (0.03) (0.02) (0.04)
Log number of students in course -0.18***-0.11*** -0.03

(0.03) (0.04) (0.15)
Fixed effects:
Year (5) and school-cohort (53) x x x x
School-course (78) x x
School-course trends (78) x x
Individual (1810) x
Observations (student-years) 3379 3379 3379 3379
Number of students 1810 1810 1810 1810

Robust standard errors clustered by school in parentheses. *** p<0.01, **
p<0.05, * p<0.1.
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Table 3.8: Placebo tests: Pseudo course-mate achievement at time t− 1 to
t+ 2

Sample:
First-time course-takers at time t

Dependent variable: Math GPA score (1) (2) (3) (4)
Pseudo course-mate achievement
at time: t− 1 t t+ 1 t+ 2
Pseudo course-mates:
Log number of students failed -0.02 -0.15** -0.09 0.10
and repeating (0.04) (0.04) (0.08) (0.09)
Fixed effectsa x x x x
Observations (student-years) 3160 3379 3324 3337
Number of students 1739 1810 1790 1783

aYear, school-cohort, school-course, school-course trends and individual fixed
effects, as well as log number of students in course included. Robust standard
errors clustered by school in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 3.9: Gender and race heterogeneity in effect of course repeaters
Sample:

First-time course-takers
Dependent variable: Math GPA score (1) (2) (3)
Course-mates:
Log number of students failed -0.21* -0.21*** -0.27***
and repeating (0.11) (0.05) (0.08)
x Female 0.11 0.12

(0.14) (0.13)
x Black 0.21* 0.22*

(0.11) (0.10)
x Hispanic -0.01 -0.01

(0.11) (0.11)
x Asian 0.19 0.19

(0.06) (0.07)
x Other 0.25 0.25

(0.41) (0.40)
Fixed effectsa x x x
Observations (student-years) 3377 3377 3377
Number of students 1808 1808 1808

aYear, school-cohort, school-course, school-course trends and indi-
vidual fixed effects, as well as log number of students in course in-
cluded. Robust standard errors clustered by school in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
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Table 3.10: Separating effects of course-mates’ course failure and course
repetition

Sample: First-time course-takers
Dependent variable: Math GPA score (1) (2) (3) (4)
Course-mates:
Log number of students failed -0.15** -0.14***
and repeating (0.04) (0.04)
Log number of students failed -0.18*** -0.12

(0.09) (0.09)
Log number of students repeating -0.09*** 0.05

(0.15) (0.04)
Fixed effectsa x x x x
Observations (student-years) 3379 3379 3379 3379
Number of students 1810 1810 1810 1810

aYear, school-cohort, school-course, school-course trends and individual fixed
effects, as well as log number of students in course included. Robust standard
errors clustered by school in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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4.1. Introduction

4.1 Introduction

Over half the students in US high schools engage in some form of market
work during the school year.64 Part-time work during high school may affect
subsequent labour market outcomes in a variety of ways. The focus of this
paper is an exploration of the extent to which high school work experience
incentivizes labour market entry and college attendance after high school.

Part-time work during high school may increase the opportunity cost
of attending college. Working during high school increases the likelihood of
employment after high school, and may also increase initial wages if there are
returns to high school work experience. This would increase the probability
of labour market entry after high school. At the same time, working in an
unskilled occupation during high school may provide motivation to pursue
postsecondary education as a means to greater job satisfaction and higher
wages in the future, encouraging college attendance.

The effects of part-time work during high school are also likely to be
heterogeneous. The effect of an additional hour of market work is probably of
different magnitude, and possibly of different sign, for a high school student
who works relatively few hours per week and a high school student who
works relatively many hours per week. It is also likely to differ by the grade
and age during which the part-time work occurs. An important contribution
of this paper is providing a joint analysis of grade or age and work intensity
heterogeneity in the effects of part-time work.

This paper contributes to the literature by finding that part-time work
during high school reduces college attendance and lowers the age of entry
into the full-time labour market for 8-10th grade students with high work
intensities. There is no effect on the probability of dropping out. These
outcomes have not been fully investigated in existing studies. It also con-
siders the effect on subsequent self-reported job satisfaction, finding no ef-
fect of part-time work irrespective of the grade in which the work occurred
and the intensity of the work. Noting the concerns associated with using
self-reported job satisfaction as a dependent variable (Bertrand and Mul-
lainathan, 2001), this suggests that part-time work during high school may
affect the career paths of individuals but not their subsequent wellbeing.

There are likely to be several unobservable factors that influence both
high school part-time working behaviour and the decision to work or study

64Pabilonia (2001) provides a full description of part-time working behaviour during
high school in the 1990s using data from the National Longitudinal Survey of Youth 1997.
The paper also includes a discussion of the Federal Fair Labor Standards Act, the law
that governs the ages at and intensities with which children are allowed to work.
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after high school. This endogeneity problem is overcome by exploiting peer-
induced variation in part-time hours worked. The basic idea is that condi-
tionally random variation in the working behaviour of an individual’s peers
induces exogenous variation in the individual’s own working behaviour. Es-
sentially, the presence of peer effects allows peer behaviour to be used as an
instrument for an individual’s own behaviour. The exclusion restriction is
that peer working behaviour does not affect the outcome of interest through
any channel other than individual working behaviour. The first part of the
empirical strategy applies an existing methodology to provide evidence of
peer effects in part-time working behaviour, and the second part of the paper
uses this estimated peer effect as the first-stage of an instrumental variables’
estimation.

There is an established literature investigating the effects of part-time
work during high school on both academic achievement and labor market
outcomes. The primary challenge in investigating the effect of working dur-
ing school is controlling for the endogeneity in the decision to work during
high school. The endogeneity problem arises because unobserved factors
(such as ability, motivation or parental inputs) affect both the decision to
work and the respective outcome variable.

The methodology employed in this paper partly exploits the fact that
contemporaneous academic achievement effects associated with part-time
work are zero or close to zero. This conclusion is supported by several
papers using a variety of datasets and empirical strategies.65 One notable
exception to finding no or negligible effects is Tyler (2003). This study uses
variation in the labour supply of 12th grade students generated by interstate
variation in child labour laws to find that decreasing work intensity improves
mathematics scores. Oettinger (1999) and Montmarquette (2007) find some
evidence of negative academic achievement effects for individuals with very
high work intensities. Given the local nature of these estimated effects, it
seems reasonable to conjecture the general absence of an effect with some
underlying heterogeneity.

Effects of part-time work on subsequent labour outcomes are mixed.
The existing literature has focused on wage and employment effects. Ruhm
(1997) finds that hours worked during an individual’s senior year in high
school and future earnings are correlated. The paper argues that an ex-
tensive set of controls are sufficient to overcome the endogeneity problem.

65Dustmann and van Soest (2007) uses the UK National Child Development Study,
Rothstein (2007) uses the National Longitudinal Survey of Youth 1997, Sabia (2009) uses
the National Longitudinal Study of Adolescent Health, and Buscha et al (2012) uses the
National Education Longitudinal Study of 1988.
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Other papers find no effects. Light (1999) uses an instrumental variables
strategy and concludes that the direct effect of high school employment on
subsequent wages is small and relatively short-lived, while Hotz (2002) uses
dynamic selection methods to reach a similar conclusion.

Related papers investigate the effects of part-time work during college
on academic and employment outcomes. These are useful for comparison
purposes, although working during high school and college are likely to have
quite different effects. Stinebrickner and Stinebrickner (2003) compare ordi-
nary least squares, fixed effects and instrumental variable approaches, stress-
ing the importance of dealing with the endogeneity of hours worked. They
find that working during college has a small, negative effect on academic
achievement. Hakkinen (2006) shows that working during college has var-
ious short-term effects on earnings and time-to-degree, but concludes that
there are ultimately no significant returns to student employment.

The structure of this paper is as follows. The second section of the
paper introduces the empirical strategy. After explaining the identification
strategy, a detailed exposition of the first stage and second stage regressions
needed for identifying the effect are presented. The first-stage subsection
outlines the conditional effect of the instrument on the explanatory variable
of interest. This is non-trivial as there are various complexities that need
to be considered when deriving a causal peer effect. The second- stage
subsection considers the causal relationship of interest: the effect of high
school working behavior on school performance. The third section of the
paper explains the data used in the analysis and the fourth section reports
the estimation results.

4.2 Empirical Methodology

Several unobservable factors affect both part-time working behaviour during
high school and future labour market outcomes. For example, parents who
promote academic achievement during high school may discourage market
work, and these may be the same parents who encourage their children
to pursue the postsecondary education that leads to positive job market
outcomes. An observed negative correlation between the intensity of part-
time work during high school and future labour market outcomes may then
be driven by differences in parental inputs across students. As a result, an
ordinary least squares regression of educational or labour market outcome
on hours worked during high school is likely to yield biased estimates of the
effect of part-time work.
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This paper uses an instrumentation strategy to overcome the endogene-
ity problem. The part-time working behavior of an individual’s peers is
employed as an instrument for an individual’s own part-time working be-
havior. The key idea is that students are induced to work varying numbers
of hours during high school by variation in the working intensity of their
peers. Grade fixed effects, school fixed effects and using past rather than
contemporaneous peer behavior support the claim of instrument exogeneity.

There are a variety of channels through which the hours worked by stu-
dents in the same grade may be correlated. First, individuals in the same
grade are likely to share information. This information may be about the
general costs and benefits of working during high school, or about actual job
opportunities. For example, an individual working at a 10-hour per week job
may inform schoolmates of job opportunities for similar work at the same
employer. This would introduce positive correlation in hours worked during
school. This channel is supported by the extensive literature on the role of
job information networks in job search.66

Second, individuals may work similar hours to other students in the same
grade because of similarities in their recreational activities and expenditure
patterns. Individuals may have an incentive to work more hours (and obtain
more disposable income) if they want to engage in costly social activities
with schoolmates who work more hours (and therefore have more disposable
income). Examples of costly social activities include anything from watching
movies to drinking alcohol or smoking cigarettes.

And, third, there are various local neighborhood effects that may result
in positive correlation among the hours worked by students in the same
grade and school. An example of this may be the proximity of the high
school to employers of high school workers (such as fast food chains).

4.2.1 The First Stage: Peer Effects in High School Working

Behaviour

The first requirement for using the empirical strategy outlined above is es-
tablishing a causal link between the hours worked by an individual’s school-
mates in the same grade and an individual’s own hours worked. A standard
specification in the empirical social interactions and peer effects literature
is the linear-in-means model in which an individual’s weekly hours worked

66Ioannides and Loury (2004) provide a survey.
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is a function of the mean weekly hours worked by the peer group:

Ht
i = α0 + α1

1

n− 1

�

j �=i

Ht
j + �ti (4.1)

Individual i’s peers are indexed by j and n denotes the size of the peer
group. This model is simple to estimate, but the limitations associated with
interpreting the relationship between individual behavior and mean group
behavior as causal are well-understood.

Manski (1993, 2000) considers three reasons why we may observe correla-
tions between individual and group behavior. These are termed endogenous,
exogenous and correlated effects in the peer effects literature. Endogenous
effects arise when individuals respond to the actions of other group mem-
bers. This is the nature of the causal relationship considered in this paper,
and is typically difficult to identify.

Exogenous effects (also known as contextual effects) arise when an indi-
vidual’s behavior is a function of an individual’s exogenous or background
characteristics, and these exogenous characteristics are shared by group
members. For example, white males are more likely to work in high school
than other demographic groups. Under the empirical regularity that the
peer groups of white males are more likely to be constituted of other white
males (Currarini et al, 2009), observed correlation in peer group working
behavior may be due to this exogenous effect.

Finally, correlated effects arise when group members respond to environ-
mental or institutional factors or shocks that are common to members of the
group. This is particularly relevant in the school setting considered in this
paper. Observed correlation in the working behavior of schoolmates may be
a consequence of school location if, for example, some schools are close to
potential employers of high school workers and other schools are not. This
would be considered a correlated effect.

One of the primary difficulties in identifying endogenous effects arises
because an individual’s own behavior and the mean behavior of that in-
dividual’s peer group are simultaneously determined. In other words, the
behavior of an individual both affects and is affected by the behavior of
group members. This is known as the reflection problem.67

In order to separate the different effects and deal with the reflection

67This is less of a concern when the relationship between individual behavior group
and group behavior is nonlinear (see, for example, Bramoulle, Djebbari and Fortin, 2009,
and Brock and Durlauf, 2001). A developing strand of the social interactions literature
exploits nonlinearity to identify peer effects, but this is not considered in this paper.
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problem, the standard linear-in-means model is amended in three ways: the
reference behavior of the group is lagged by one period, the mean charac-
teristics of the reference group are included as explanatory variables, and
school fixed effects are included. The amended specification is as follows:

Ht
igs = α0+α1Xigs+α2

1

ni − 1

�

j �=i

Ht−1
jgs +α3

1

ni − 1

�

j �=i

Xjgs+Dg+Ds+�tigs

(4.2)
The peer group in this paper is defined to be individuals in the same

grade in the same school, same-grade schoolmates. This is a natural def-
inition of a high school peer group if we consider that individuals in high
school spend most of their time with other individuals of similar ages who
are likely to be in the same grade. Classmates may be a finer measure of the
relevant peer group, but this introduces bias due to nonrandom selection
into classes (see, for example, Hoxby, 2000). Ht

igs denotes the hours worked
by individual i in grade g and school s. Other students in the same grade
are indexed by j, and ni denotes the size of individual i’s peer group (the
number of students in individual i’s school and grade). Exogenous individ-
ual characteristics are denoted by Xigs and grad and school fixed effects are
denoted by Dg and Ds.

The inclusion of mean group characteristics controls for potential contex-
tual peer effects under the assumption that the effect of group characteristics
on the outcome variable is linear. Bifulco et al (2011) considers the effect
of classmate characteristics on various economic and social outcomes, and
finds that only mother’s education plays a statistically significant role in
determining these early adult outcomes. This paper includes a variety of
group characteristics in addition to mother’s education.

Grade fixed effects control for grade-specific variation in part-time work
during high school. This controls for the correlation induced by older stu-
dents both working more hours per week and being in higher grades. School
fixed effects control for correlated effects arising from school-specific fac-
tors or shocks that may affect the working behavior of members of the same
school. These include the proximity of the school to employers of high school
workers, as well as local labor market conditions.

Note that the identifying variation is cross-sectional. Time-varying changes
in local labour market conditions would simultaneously affect peer working
hours and the decision to attend college, which would invalidate the in-
strument. Relying on across-cohort within-school variation in peer working
hours at a particular point in time (with fixed local labour market condi-
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tions) eliminates this concern.
The reflection problem is solved by using weekly hours worked the pre-

vious year by students currently in the same grade; an individual’s current
working behavior is affected by but cannot affect the previous working be-
havior of students in the same grade. Several papers have used this approach
to deal with the reflection problem (see, for example, Clark and Loheac,
2007). The lag length of one year is chosen based on data availability.68

One caveat in using this approach to solve the reflection problem is that
hours worked during school cannot be static over time. This would be the
case, for example, if hours worked were fixed throughout high school. This
is because we cannot disentangle the simultaneity in the determination of
an individual’s own hours worked and the hours worked by students in the
same grade if hours worked do not change over time.

4.2.2 The Second Stage: The Effect of High School

Working Behaviour

The causal relationship between an individual’s same-grade schoolmates’
weekly market hours worked and an individual’s own weekly market hours
worked is interesting in its own right. This provides evidence of peer effects
in high school, and informs understanding of adolescent decision-making in
general. Peer effects relating to alcohol and substance use in high school have
been documented in the social interactions literature, but to my knowledge
there is no prior evidence of peer effects in market working behavior during
high school. This paper takes an additional step and uses the exogenous
variation in hours worked induced by classmates’ hours worked to identify
the effect of part-time work during high school on future educational and
labour market outcomes.

The proposed empirical strategy identifies the causal effect of part-time
work during high school under the assumption that the part-time working
behavior of an individual’s same-grade schoolmates only affects individual
outcomes through the part-time working behaviour of the considered indi-
vidual and not through any other channel. There are scenarios in which this
exclusion restriction would be violated. Consider a world in which part-time
work during high school negatively affects school performance and the aca-
demic achievement of same-grade schoolmates affects an individual’s own
academic achievement. Now consider a student in this world exposed to
same-grade schoolmates who work an above average number of hours. The

68Richer data would allow an analysis of the role played by lag length.
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school performance of this student will be reduced both because she is in-
duced to work more hours by her peers and because she has lower-achieving
peers (because they work more hours). The suggested instrumentation strat-
egy would combine these effects, exaggerating the estimated effect of part-
time working behavior on academic achievement.

Two arguments support the above identifying assumption. First, the
contemporaneous effect of part-time work on school performance is zero or
close to zero. This claim is supported by both the existing literature and by
empirical results in this paper. Rothstein (2007) and Sabia (2009) find no
effects on academic achievement, Tyler (2003) and Dustmann (2007) find
small effects, and, using the instrumentation strategy proposed above (that
would exaggerate the estimates), my study finds no effect.

And, second, classroom peer effects on achievement are known to be
small (see, for example, Zimmerman, 2003). This means that even in the
presence of small effects of part-time work on school performance, the com-
pounded effects operating through peer achievement are likely to be negli-
gibly small. Essentially, this study shows that part-time work during high
school only affects an individual’s future educational and labour market
decisions, and these decisions are not affected by an individual’s previous
same-grade schoolmates.

The effect of hours worked during high school on future educational and
labour market outcomes is modeled by the following equation:

Y t+1
igs = β0 + β1Xigs + β2

1

ni − 1

�

j �=i

Xjgs + β3H
t
igs +Dg +Ds + υt+1

igs (4.3)

The outcome of interest at time t+1 (some future time) for individual i
in grade g and school s at time t is denoted by Y t+1

igs . Hours worked at time
t is instrumented by classmates’ hours worked at time t − 1. The need to
instrument is made explicit in the above equation because we expect that
own hours worked Ht

igs is correlated with the error term �t+1
igs through some

unobserved characteristic that affects both hours worked during school and
the future educational or labour market outcome. Controls for both the
characteristics of the student and the student’s same-grade schoolmates are
included, and grade and school fixed effects capture grade and school-specific
differences in the outcome of interest and high school working behavior.

Results from the initial specification in which the coefficient on the hours
worked term β3 is not allowed to vary by grade are interpreted as an average
effect of high school market work on the outcome of interest. Subsequent
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results explore grade (or age) heterogeneity by separately estimating the
equation for 9th and 10th grade students and 11th and 12th grade stu-
dents.69

Heterogeneity is also explored along the dimension of part-time work
intensity. These results are obtained using a two-step procedure. The first-
stage relationship is estimated on the full sample (as above), but the second-
stage analysis is performed separately on individuals working fewer than 5
hours per week and individuals working at least 5 hours per week (during
the school term). These results have a specific interpretation. For example,
the β3 coefficient from the equation estimated on the sample of individuals
working fewer than 5 hours per week is the effect of an additional hour of
work on the outcome of interest conditional on having chosen to work fewer
than 5 hours per week. These results cannot account for the initial decision
to work few or many hours.

4.3 Data and Descriptive Statistics

This paper uses data from the National Longitudinal Study of Adolescent
Health (Add Health). The Add Health is a longitudinal study of a nationally
representative sample of US adolescents who were in grades 7 to 12 during
the 1994-1995 school year. The second wave of the study was conducted the
subsequent year, and there have been two further in-home interviews, the
most recent being in 2008. This paper uses data from the first, second and
fourth waves of the study.

Descriptive statistics of the explanatory and control variables are pro-
vided in Table 4.1. The core sample consists of 8,429 students (after drop-
ping observations with missing information). The part-time work informa-
tion was obtained asking survey participants how many hours they spend
working for pay during a typical non-summer week. In the second wave of
the study, students in the sample worked an average of 8.5 hours per week
during high school. The means for 8-10th grade students and 11-12th grade
students are 5 and 12.5 hours, confirming that older students work more
than younger students in high school. Over 40 percent of the students in
the sample report no market work during high school. The share increases
to 55 percent when adding students working less than four hours per week,

69Note that the corresponding first-stage relationship is also estimated separately, al-
lowing the structure of peer effects in market work during high school to vary across the
two groups.
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leaving 45 percent of the sample working over five hours per week.70 The
distribution of part-time hours worked for all surveyed students working 40
hours or less is plotted in Figure 4.1. The cut-off of five hours is chosen
when investigating heterogeneity as it lies approximately midway between
the median and mean, ensuring enough variation in hours worked above
and below the cut-off to estimate effects. Results remain qualitatively simi-
lar with small variations in this cut-off. Ruhm (1997) reports lower means
from the NLSY, suggesting an increase in the intensity of part-time work
during high school in the US from the early 1980s (NLSY) to the mid 1990s
(Add Health).

The subsequent sets of variables describe demographic differences in
part-time working behavior. Males engage in more market work than fe-
males during high school. There is a disproportionately high share of white
students working over five hours per week while the share of black students
working over five hours per week is disproportionately low. Evidence sug-
gests that individuals with less educated parents work more intensively.

Table 4.2 describes the outcome variables. Most of these were measured
during the fourth wave of the study when individuals were aged between 24
and 32. The first set of variables relate to education. Mean overall GPA
scores (measured at the same time as the explanatory variable during Wave
2) vary little by grade or work intensity. 11-12th grade students are more
likely to have graduated high school by Wave 4 of the study than 8-10th
grade students. This is because some of the students in the 8-10th grade
sample will choose to drop out by the time they would have been in the
11-12th grade sample. This form of selection is more evident when looking
at college attendance; 68 percent of 8-10th grade students in the sample
attend college while 74 percent of 11-12th grade students do so.

The second set of variables describes labour market outcomes in early
adulthood. Differences in labour market outcomes across grades (or ages)
and work intensities are mostly small and generally statistically insignificant.
Older students earn more (which is somewhat mechanical as they are older
and more experienced at the time of Wave 4 study), they are less likely to do
physical work, and are more likely to be satisfied with their jobs. In terms of
work intensity, students working over five hours per week earn more, work
longer hours, are more likely to do physical work, and are more likely to be
satisfied with their job than other students.

These correlations include the effects of several observed and unobserved
70Note that individuals working zero hours per week are included in the group working

zero to four hours per week.
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factors that vary with part-time working behavior and the outcome variable.
The subsequent section reports causal effects.

4.4 Results

Results from the first stage of the instrumental variables estimation are re-
ported in Table 4.3. Specifications include the full set of controls with errors
clustered at the school-grade level. The first column reports that an increase
of one hour in the mean hours worked by same-grade schoolmates the pre-
vious year is associated with a 0.51 increase in individual hours worked for
the full sample. The coefficient is precisely estimated and the F-statistic
is over 40, confirming a suitably strong relationship for implementation of
the instrumental variables strategy. The second and third columns report
the first-stage results for the samples of 8-10th and 11-12th grade students,
respectively. The effect of mean peer hours worked on own hours worked
drops to 0.31 and 0.36 for the two groups. It remains precise, although the
F-statistic falls. The estimated coefficients on the controls show that fe-
males and black students work fewer hours per week (than males and white
students), while older students (within a grade) work more than younger
students.

Table 4.4 reports results from balance tests in which the instrument is
regressed on the full set of controls. The purpose of this table is to show that
observable controls are uncorrelated with the instrument after conditioning
on the grade and school fixed effects necessary for identification. This sug-
gests that the same is true for unobservable characteristics to the extent
that observable and unobservable characteristics are correlated (Altonji et
al, 2005), providing some support for the claim of instrument exogeneity.
Grade and school fixed effects are included sequentially. The p-value of 0.26
on the F-statistic associated with the full specification in the third column
indicates that we cannot reject the hypothesis that the coefficients on the
individual controls are jointly equal to zero; the instrument is conditionally
independent of observables.71

The effects of part-time work on four educational outcomes are reported
in Table 4.5. All regressions include controls for individual characteristics,
mean grade characteristics, grade fixed effects and school fixed effects. The

71The set of observable characteristics are considered non-identifying controls. They
are included to increase the precision of the estimates rather than control for some form
of selection. The school and grade fixed effects are considered necessary for identification
of the effect. They deal with grade-specific and school-specific factors that may otherwise
bias the estimates.
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first column shows that the number of hours worked during high school
has no effect on contemporaneous GPA scores. This supports the findings
of Rothstein (2007) and Sabia (2009) in which the achievement effects of
part-time work are zero. The absence of an effect on high school graduation
reported in the second column is broadly consistent with this result.

There are, however, negative effects on the number of years of education
and the probability of attending college. These are shown in the third and
fourth columns. An additional hour of work reduces education by 0.06 years
and reduces the probability of attending college by one percentage point.
These results suggest that part-time work during high school affects the
choices individuals make after graduating from high school without having
affected achievement during high school. Essentially, students who engage in
market work during high school appear more likely to enter the job market
and less likely to pursue further education after high school. A variety of
reasons for this are proposed.

First, part-time work during high school may lower job search costs upon
high school graduation. Students may be able to continue working in their
high school jobs after school or be given other opportunities with the same
employer. The reduced uncertainty of finding work increases the expected
returns from pursuing market work. Second, the opportunity cost of attend-
ing college may be greater for students who worked part-time during high
school. This is because giving up a paying job to study is more costly than
giving up staying at home and watching television (for example). And, third,
students who work part-time during high school may have acquired more
independence and therefore be more attached to the job market than other
students. They may have developed spending habits and other behaviours
that encourage working rather than studying.

These mechanisms cannot be directly investigated with the available
data, but their plausibility is explored by analyzing the effects of part-time
work on college expectations and a variety of subsequent labour market out-
comes. The remaining results are all presented in the form of three-by-three
tables for each outcome to reflect heterogeneous effects. Each cell reports the
estimated coefficient from a regression estimated on the specified subsample.
The columns consider grade (or age) heterogeneity and correspond to the
full sample, 8-10th grade students, and 11-12th grade students, while the
rows consider work intensity heterogeneity and correspond to the full sam-
ple, students working fewer than five hours per week, and students working
at least five hours per week.

Results in Table 4.6 show that the only nonzero effect of part-time work
on high school outcomes is for 11-12th grade students working fewer than
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five hours per week. For these students, there is a 0.1 reduction in GPA for
an additional hour of work.

The negative effects of part-time work on years of education and college
attendance are driven by 8-10th grade students working more than five hours
per week. An additional hour of work for these students reduces education
by 0.44 years and reduces the probability of attending college by eleven per-
centage points. These students are likely to have a strong attachment to the
job market by the time they finish high school and their opportunity cost of
studying may be greater than students working fewer or zero hours. Results
in the table also indicate that these students have a reduced desire to attend
college and expectation of attending college. These effects on expectations
are somewhat consistent with those found by Neumark and Joyce (2011)
in which school-to-work programs increased the perceived likelihood of fu-
ture labor market activity. Interestingly, 11-12th grade students working
fewer than five hours per week are more likely to both expect to attend and
attend college. Working during high school may provide information that
re-enforces the desire to pursue postsecondary education for these students.

The final table of results investigates the effect of working during high
school on labour market outcomes. Recall that these were measured during
the fourth wave of the study when individuals were aged between 24 and
32. Table 4.7 indicates that students who work more during high school
have their first full-time job at younger ages than other students. This is
driven by 8-10th grade students working more than five hours per week, the
same group who were less likely to attend college. They enter the full-time
labour market 0.23 years younger for every additional weekly hour of part-
time work during high school. This supports the hypothesis that 8-10th
grade students working more than five hours per week during high school
choose are incentivized to enter the labour market rather than study after
high school.

Working during high school is associated with increases in income for 11-
12th grade students irrespective of their work intensity, although the results
for hours worked also indicate that these students work more hours. For
students working less than five hours, results in Table 4.5 indicate that this
could be due to an increased probability of attending college. Generally,
students working more than five hours per week during high school remain
more hard-working than their same-grade schoolmates in early adulthood.

The final two variables describe the type of work and job satisfaction.
These are proxies for job quality. Individuals who study rather enter the
labour market after school may be employed in higher quality jobs when
aged between 24 and 32, so given that part-time work during high school
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encourages early entry in the labour market, students who work more during
high school may have lower quality jobs. Alternatively, students who enter
the labour market early may have accumulated sufficient work experience
to be promoted into more satisfying and higher quality jobs by their late
twenties.

Results are not conclusive. There is no effect of part-time work during
high school on self-reported job satisfaction, and the only significant effects
on the probability of doing physical labour are for 11-12th grade students
working more than five hours per week. For these students, there is some ev-
idence that part-time work during high school results in subsequent selection
out of jobs requiring physical labour.

4.5 Conclusion

This paper contributes to our understanding of the effects of part-time work
during high school by exploring grade and work intensity heterogeneity and
focusing on early adult outcomes. In doing so, it provides an alternative
narrative on the benefits and costs of market work during high school. Con-
sistent with the existing literature (Rothstein, 2007; Sabia, 2009), there
appears to be no effect on contemporaneous academic achievement. This
paper rather focuses on effects on post-high school decision-making with
respect to college attendance and entry into the full-time labour market.

These effects of part-time work during high school on subsequent labour
outcomes differ by the grade in which the work occurred and the time in-
tensity of the work. This paper finds that 8-10th grade students working
more than five hours per week are both less likely to attend college than
other students and begin full-time work at a younger age than other stu-
dents. There is no effect on the college attendance decision and the age of
first full-time job for 8-10th grade students working less than five hours per
work, as well as 11-12th grade students working any number of hours. The
effects for 8-10th grade students with high work intensity may be because
they are strongly attached to the labour market by the time they graduate
high school and have higher opportunity costs of postsecondary education
than other students.

The effects on subsequent income appear to operate through other chan-
nels. An additional hour of part-time work during high school increases
subsequent income for 11-12th grade students working any number of hours,
while 8-10th grade students working less than five hours per week experi-
ence a negative income shock from part-time work. The positive effects on
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income for older students may be due to information or motivation gained
from working during high school, or, more directly, the acquisition of skills
and work experience that yield subsequent returns in the labour market.
There is some evidence that these students are also more likely to attend
college, which would also increase subsequent income.
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4.6 Figures

Figure 4.1: Distribution of part-time hours worked
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The median and mean number of hours worked are 3 and 9.8, respectively indicated by the solid green
and blue vertical lines. The dashed vertical line indicates the sample split at 5 hours used in the
regression analysis.
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4.7 Tables

Table 4.1: Descriptive statistics I - weekly hours worked and controls
Mean (standard deviation)

8-10th 11-12th Hours worked (Wave 2)
All grades grades 0 0-4 Over 5

Part-time work during high school
Weekly hours worked 8.55 5.10 12.63
in Wave 2 (11.47) (8.84) (12.82)
Weekly hours worked 5.78 3.31 8.71
in Wave 1 (9.62) (6.99) (11.34)
Individual characteristics
Female 0.50 0.50 0.51 0.53 0.51 0.48
White 0.67 0.68 0.64 0.57 0.61 0.73
Black 0.15 0.15 0.16 0.20 0.18 0.12
Hispanic 0.12 0.11 0.12 0.15 0.13 0.10
Asian 0.04 0.03 0.05 0.05 0.04 0.03
Other 0.03 0.03 0.03 0.03 0.03 0.03
Age (years and months) 16.27 15.34 17.83 15.94 15.80 16.83
Not born in US 0.05 0.04 0.07 0.06 0.06 0.05
Mother’s education
Less than high school 0.16 0.17 0.15 0.18 0.17 0.16
High school 0.35 0.36 0.33 0.32 0.32 0.37
Some college 0.18 0.18 0.19 0.18 0.18 0.19
College 0.26 0.25 0.27 0.26 0.27 0.24
Father’s education
Less than high school 0.13 0.13 0.14 0.14 0.13 0.14
High school 0.24 0.25 0.22 0.22 0.22 0.27
Some college 0.13 0.12 0.14 0.12 0.12 0.14
College 0.24 0.23 0.25 0.23 0.25 0.22
Household income (Wave 2)
Less than $20k 0.15 0.17 0.12 0.17 0.16 0.14
$20k - $40k 0.24 0.24 0.23 0.23 0.23 0.25
$40k - $60k 0.20 0.21 0.19 0.19 0.20 0.20
More than $60k 0.22 0.21 0.25 0.21 0.23 0.22
Observations 8429 4570 3859 3558 4632 3797
Share 1 0.54 0.46 0.42 0.55 0.45
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Table 4.2: Descriptive statistics II - outcomes (Wave 4 unless otherwise
stated)

Mean (standard deviation)
8-10th 11-12th Hours worked (Wave 2)

All grades grades 0 0-4 Over 5
Educational outcomes
Mean GPA score 2.83 2.83 2.84 2.82 2.85 2.81
(Wave 2) (0.75) (0.77) (0.73) (0.76) (0.76) (0.74)
Graduated high school 0.95 0.94 0.97 0.95 0.95 0.95

(0.21) (0.25) (0.16) (0.21) (0.22) (0.21)
Years of education 14.46 14.26 14.71 14.48 14.51 14.40

(2.17) (2.21) (2.09) (2.21) (2.21) (2.12)
Desire to attend collegea 4.44 4.46 4.42 4.48 4.49 4.37
(Wave 2) (1.03) (1.02) (1.04) (0.99) (0.98) (1.08)
Expectation of attending 4.22 4.20 4.24 4.24 4.25 4.18
college (Wave 2) (1.13) (1.11) (1.15) (1.10) (1.09) (1.17)
Attended college 0.71 0.68 0.74 0.70 0.71 0.70

(0.46) (0.47) (0.44) (0.46) (0.45) (0.46)
Labour market outcomes
Age at first full-time job 20.42 20.04 20.95 20.52 20.49 20.32

(2.56) (2.53) (2.50) (2.62) (2.59) (2.51)
Number of jobs 3.42 3.66 3.15 3.47 3.55 3.27

(2.66) (2.62) (2.67) (2.79) (2.79) (2.48)
Income 35088 31661 39095 33609 33617 36858

(42198) (37419) (46864) (45811) (45462) (37832)
Hours worked per week 41.11 40.93 41.31 40.62 40.70 41.60

(11.20) (11.41) (10.96) (11.16) (11.32) (11.04)
Do physical work 0.57 0.61 0.54 0.55 0.56 0.58

(0.49) (0.49) (0.50) (0.50) (0.50) (0.49)
Satisfied with job 0.74 0.72 0.75 0.71 0.72 0.76

(0.44) (0.45) (0.43) (0.45) (0.45) (0.43)

aThe desire to attend college and expectation of attending college are self-reported rank-
ings from 1 to 5. These were obtained during Wave 2 of the study.
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Table 4.3: First-stage results - peer effects in part-time work during high
school

All 8-10th 11-12th
Dependent variable: grades grades grades
Part-time hours worked during high school (1) (2) (3)
Hours worked by same-grade schoolmates 0.51*** 0.31** 0.36***
(in previous year) (0.08) (0.12) (0.12)
Individual characteristics
Female -0.98*** -0.56* -1.81***
Black -1.84*** -1.34 -2.55**
Hispanic 0.04 0.42 -0.54
Asian -0.31 -0.27 0.11
Other 0.68 0.40 1.44
Age (years and months) 1.87*** 2.22*** 1.54**
Not born in US -0.42 -0.77 -0.17
Mother’s education (Omitted: high school)
Less than high school -0.44 -0.09 -1.00
Some college -0.22 -0.76* 0.55
College -0.81* -0.46 -1.38
Father’s education (Omitted: high school)
Less than high school 0.45 -0.22 1.74*
Some college -0.22 -0.33 0.05
College -1.08** -0.98* -1.06
Household income: (Omitted: >$60k)
<$20k 0.82 0.63 0.73
$20k - $40k 1.01** 0.74 1.28
$40k - $60k 0.55 0.36 0.65
Other controlsa x x x
Diagnostics
F-statistic on excluded instrument 43.33 6.34 9.38
Number of school-grade clusters 506 287 219
Observations 8429 4570 3859

aOther controls include indicators describing household structure, grade rep-
etition history, school year in progress and school in saturated sample, as
well as school-grade characteristics and grade and school fixed effects. Ro-
bust standard errors clustered by school-grade in parentheses. *** p<0.01,
** p<0.05, * p<0.1.
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Table 4.4: Balance tests - OLS results from regressing instrument on controls
Dependent variable: hours worked by
same-grade schoolmates (previous period) (1) (2) (3)
Individual characteristics
(Omitted: male, white, born in US)
Female 0.09 -0.05 -0.05
Black -1.25***-1.32***-0.15*
Hispanic -0.84***-0.99***-0.06
Asian -1.73***-1.96***-0.17
Other -0.49* -0.52* 0.09
Age (years and months) 2.07***0.29***0.04
Not born in US -0.23 -0.20 -0.28**
Mother’s education (Omitted: high school)
Less than high high school 0.03 0.13 0.12
Some college -0.05 -0.17 -0.08
College -0.28** -0.31***-0.01
Father’s education (Omitted: high school)
Less than high high school 0.14 0.04 0.09
Some college 0.23 0.17 0.21**
College -0.09 -0.19 0.06
Household income Omitted: >$60k
<$20k -0.23 -0.06 -0.07
$20k - $40k -0.14 -0.11 -0.05
$40k - $60k -0.07 -0.02 -0.10
Other controlsa x x x
Identifying controls
Grade fixed effects x x
School fixed effects x
Diagnostics
F-statistic on non-identifying controls 22.04 3.55 1.17
p-value 0.00 0.00 0.26
Observations 8429 8429 8429

aOther controls include indicators describing household structure, grade
repetition history, school year in progress and school in saturated sam-
ple, as well as school-grade characteristics. Robust standard errors clus-
tered by school-grade in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 4.5: IV results - effect of part-time work during high school on edu-
cational outcomes

Mean Graduated Years
GPA high of Attended
score school education college
(1) (2) (3) (4)

Hours worked -0.004 -0.001 -0.06** -0.01**
(instrumented) (0.010) (0.003) (0.03) (0.01)
Individual characteristics
Female 0.19*** 0.01 0.36*** 0.06***
Black -0.14*** 0.01 -0.12 0.02
Hispanic -0.21*** -0.04* -0.24* -0.03
Asian 0.14** 0.01 0.18 0.01
Other -0.05 -0.03 -0.20 -0.01
Age (years and months) -0.03 -0.04*** -0.20*** -0.04**
Not born in US 0.08 0.02 0.34** 0.08**
Mother’s education
Less than high school -0.04 -0.05*** -0.25*** -0.07***
Some college 0.10*** 0.01 0.41*** 0.08***
College 0.15*** 0.01 0.68*** 0.10***
Father’s education
Less than high school -0.03 -0.03** -0.18* -0.05*
Some college 0.14*** 0.02* 0.42*** 0.08***
College 0.21*** 0.01* 0.76*** 0.11***
Household income
<$20k -0.11*** 0.00 -0.61*** -0.09
$20k - $40k -0.11*** 0.00 -0.41*** -0.05
$40k - $60k -0.02 0.01 -0.21** -0.02
Other controlsa x x x x
Identifying controls
Grade fixed effects x x x x
School fixed effects x x x x
Observations 8339 8429 8429 8429

aOther controls include indicators describing household structure, grade
repetition history, school year in progress and school in saturated sample,
as well as school-grade characteristics. Robust standard errors clustered
by school-grade in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 4.6: IV results - educational outcomes
All grades 8-10th grades 11-12th grades

Mean GPA score (Wave 2)
All hours -0.004 -0.01 0.004
Hours worked<5 -0.01 0.02 -0.09***
Hours worked≥5 -0.003 -0.04 0.03

Graduated high school
All hours -0.001 0.002 0.002
Hours worked<5 -0.003 0.010 -0.004
Hours worked≥5 0.002 -0.011 0.006

Years of education
All hours -0.06** -0.23** 0.03
Hours worked<5 0.01 0.04 0.13
Hours worked≥5 -0.11*** -0.44*** -0.04

Desire to attend college (Wave 2)
All hours -0.01 -0.11** 0.08
Hours worked<5 0.01 -0.04 0.04
Hours worked≥5 -0.04* -0.24*** 0.02

Expect to attend college (Wave 2)
All hours 0.001 -0.12* 0.05
Hours worked<5 0.02 -0.02 0.14**
Hours worked≥5 -0.02 -0.20*** -0.04

Attended college
All hours -0.01** -0.07** 0.01
Hours worked<5 -0.002 -0.02 0.03**
Hours worked≥5 -0.02** -0.11*** -0.003

Robust standard errors clustered by school-grade in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
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Table 4.7: IV results - labour market outcomes
All grades 8-10th grades 11-12th grades

Age at first full-time job
All hours -0.08* -0.38** -0.02
Hours worked<5 -0.05 -0.13 -0.07
Hours worked≥5 -0.11** -0.23* -0.003

Log(number of jobs)
All hours -0.002 0.01 0.04***
Hours worked<5 0.01 0.04 0.05*
Hours worked≥5 -0.01 -0.06* 0.04*

Log(income)
All hours 0.01 -0.01 0.09*
Hours worked<5 0.004 -0.08* 0.10*
Hours worked≥5 0.01 0.09 0.10***

Log(hours worked per week)
All hours 0.009** 0.01 0.03**
Hours worked<5 -0.003 -0.01 -0.01
Hours worked≥5 0.02*** 0.04** 0.05***

Do light or hard physical work
All hours -0.01** -0.03 -0.02
Hours worked<5 -0.01 -0.02 0.02
Hours worked≥5 -0.01 0.01 -0.04***

Satisfied with job
All hours 0.002 -0.003 0.004
Hours worked<5 -0.01 -0.01 0.00
Hours worked≥5 0.01 0.03 0.01

Robust standard errors clustered by school-grade in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
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A.1. Sensitivity of Results to Instrument Specification

The appendix describes results from a variety of robustness and sensi-
tivity checks. It also provides an econometric framework from which the
estimated parameters can be given a cumulative effect interpretation. Ap-
pendix Table A.1 describes the composition of the sample, and Appendix
Table A.2 provides a balance test suggesting orthogonality of the instrument.
These are discussed in the main body of the paper. The remaining appendix
discussion is split into four subsections. The first subsection discusses the
sensitivity and robustness of the instrument, the second subsection outlines
the potential for non-classical measurement error and explains how the em-
pirical strategy overcomes it, the third section shows that the first stage
relationship is not driven by spatial outliers, and the fourth section derives
the cumulative effect interpretation.

A.1 Sensitivity of Results to Instrument

Specification

The instrument is constructed using the weighted gender composition of the
nearest twenty schoolmates. Results in Appendix Table A.3 show that an
unweighted version of this instrument, as well as weighted and unweighted
instruments based on the gender composition of schoolmates within 2km,
generate similar findings. The estimates using the distance-based measure
are less precise but of similar magnitude to those reported in Table 2.5.

Appendix Table A.4 considers the sensitivity of results both to the den-
sity of friendship networks from which the gender composition measures are
derived and the chosen definition of friendship. The first set of results splits
the sample according to the number of friend nominations asked of surveyed
individuals and restricts the sample to individuals with at least two friends.
The second set of results repeats the primary analysis using different defi-
nitions of friendship. These results address concerns related to differences
between true and observed friendship networks, and the friendship definition
on which these networks are based.

Individuals were asked to nominate either one friend or five friends. The
study was designed so that all individuals in the same school nominated the
same number of friends. The gender composition measures derived from
friendship networks based on five friend nominations are likely to be mea-
sured with less error than those based on single nominations. This table
shows that potential biases introduced by this aspect of the design do not
affect the initial findings. Results are consistent with those originally re-
ported, although they are measured imprecisely due to the smaller sample
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A.1. Sensitivity of Results to Instrument Specification

sizes.
The friendship network gender composition of individuals matched to

only one friend are extreme; observed opposite gender friend shares are ei-
ther zero or one. To show that these individuals do not drive the result, the
analysis is performed on a sample restricted to individuals with at least two
friends. The point estimate of interest is very similar in this specification.
The results are also similar when the analysis is performed on the restricted
sample of individuals for whom at least seventy-five percent of friendship
nominations were matched. The gender composition of friendship networks
for these individuals is likely measured with less error, explaining the main-
tained precision of the estimates despite the smaller sample.

The nominating process discussed in the data section allows for different
definitions of friendships. The preferred definition of friendship for this paper
considers any friendship nomination to form a friendship. This is because the
identification strategy relies on neighbours affecting outcomes only through
the friendship network, and the weakest definition of the friendship network
is most likely to satisfy this exclusion restriction. Two alternative friend-
ship networks definitions based on the nomination process are directional:
nominated and nominating friendship networks. These definitions only con-
sider either sent or received nominations to form friendships, respectively. A
fourth definition of the friendship network is the strong friendship network
discussed in the body of the paper in which only reciprocated nominations
form friendships.

Estimates in Appendix Table A.4 are similar to those reported in the pa-
per for weak friendship networks, although they are less precisely measured
due to the smaller sample sizes. (The sample sizes are smaller because the
stronger definitions result in greater exclusion from the sample. Recall that
individuals are excluded from the sample if they are not matched to any
friends as the gender composition of friendship networks is not well-defined
for these individuals.)

The urbanicity of the community in which the school is located may affect
the results. This is both because the dependence of achievement on peer
gender composition may vary between urban, suburban and rural schools,
and because the first stage relationship between distance and friendship
may have a different structure across these types of communities. Results
in Table A.5 show that the first stage is weak in urban schools (the first
column), so the instrument cannot inform our understanding of the effect in
these communities. However, restricting the sample to suburban and rural
schools (the fourth column) shows the negative effect of opposite gender
friends on achievement.
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A.2. Non-classical Measurement Error Arising from Self-reporting Bias

The validity of the IV strategy is tested in two ways in Appendix Ta-
ble A.6. First, it considers an experiment similar to randomly reassigning
the gender of schoolmates and showing that the reassigned gender compo-
sition of close neighbours does not affect the original gender composition of
friendship networks. And, second, it confirms the first stage relationship for
a composition measure for which randomness is even less contestable than
gender.

These tests are performed by introducing another composition measure:
share even birth month. Consider an individual with a set of neighbours
in the data. Now consider an experiment in which the gender of neigh-
bours is reassigned so that neighbours with an even birth month are of the
opposite gender. The share of reassigned opposite gender close neighbours
(equivalent to the share of even birth month close neighbours) should not be
correlated with the share of (true) opposite gender friends. The first column
of Appendix Table A.6 reports results from regressing the share of opposite
gender friends on the share of even birth month close neighbours and shows
that they are uncorrelated.

The share of even birth months friends should have no effect on aca-
demic achievement, but, given that individuals are more likely to be friends
with schoolmates living in the close neighbourhood, the share of even birth
month close neighbours should affect an individual’s share of even birth
month friends. The second column of Appendix Table A.6 confirms the
presence of this relationship. Using this as the first stage of an (unneces-
sary) instrumental variables strategy, the share of even birth month friends
is shown to have no effect on school performance (as expected). This ta-
ble supports the validity of the first stage by performing a placebo test on
the first stage and due to the absence of plausible alternative explanations
for the relationship between the share of even birth month neighbours and
friends.

A.2 Non-classical Measurement Error Arising

from Self-reporting Bias

The gender composition of an individual’s friendship network is derived from
self-nominated friends, and the measure of academic achievement is self-
reported GPA. These data may suffer from self-reporting bias. This section
outlines the potential for such biases, as well as showing that an instru-
mental variables strategy deals with these concerns under the assumption
that the instrument is orthogonal to self-reporting bias in the outcome and
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A.2. Non-classical Measurement Error Arising from Self-reporting Bias

explanatory variable. This result is somewhat obvious, but is useful for un-
derstanding the direction of the potential bias under various assumptions
about the self-reporting bias and its correlation with other variables in the
model.

Consider a simple model in which the true value of an outcome y∗ is a
linear function of the true value of an explanatory variable x∗.

y∗ = x∗β + e (A.1)

Allow for some form of endogeneity, so cov(x∗, e) �= 0.
We can write the measured values of the outcome and explanatory vari-

ables y and x as the sum of the true values and a measurement error term.
These error terms are not random, allowing for some form of systematic
self-reporting bias.

y = y∗ + uy (A.2)

x = x∗ + ux (A.3)

We can substitute Equations A.2 and A.3 into the true model in Equation
A.1.

y = xβ + (e+ uy + uxβ) (A.4)

The error term in Equation A.4 is clearly correlated with the explanatory
variable. The correlation between x and e follows from the endogeneity, and
there is a mechanical correlation between x and ux from Equation A.3.

We can investigate the consistency of an OLS estimate β̂ more formally.

plim β̂ = cov(y,x)
var(x)

= cov(y∗+uy ,x∗+ux)
var(x∗+ux)

= cov(x∗β+e+uy ,x∗+ux)
var(x∗+ux)

= 1
var(x∗)+var(ux)

{β var(x∗) + β cov(x∗, ux) + cov(x∗, e)

+ cov(ux, e) + cov(x∗, uy) + cov(ux, uy)}
(A.5)

This equation breaks down the potential biases into six components (the
terms of the sum inside the braces). The first and third components are the
familiar attenuation and endogeneity biases. The remaining components are
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A.2. Non-classical Measurement Error Arising from Self-reporting Bias

best understood in terms of the example of this paper. Consider the outcome
to be GPA and the explanatory variable to be peer gender composition.

The second component cov(x∗, ux) is the bias introduced by correlation
between true peer gender composition and self-reporting bias in peer gender
composition. For example, individuals with few opposite gender friends
may over-report opposite gender friendships, such that cov(x∗, ux) < 0.
This would either bias the estimate towards zero or change the sign of the
estimate depending on the relative magnitude of the attenuation bias.

The fourth component cov(ux, e) relates to correlation between unob-
served determinants of GPA and self-reporting bias in peer gender com-
position. This may involve some personality trait such as overconfidence.
Overconfident individuals may both perform poorly academically and over-
report opposite gender friendships, for example. This would also bias the
point estimate downwards as cov(ux, e) < 0.

The fifth component cov(x∗, uy) is bias introduced by the correlation
between true peer gender composition and self-reporting bias in GPA. For
example, males with a larger share of female friends may systematically over-
report GPA if female friends are of higher ability (on average), and individ-
uals have a propensity toward reporting the mean GPA of their friendship
networks.

Finally, the sixth component cov(ux, uy) relates to correlation between
self-reporting bias in peer gender composition and self-reporting bias in
GPA. This correlation would be generated by a world in which some peo-
ple consistently tell the truth and others consistently distort the truth. For
example, some individuals may systematically exaggerate all self-reported
data in the direction that is perceived to be more socially-favourable.

The above analysis highlights the potential concerns of using self-reported
data. The subsequent analysis shows that using an instrumental variables
strategy deals with these concerns under some assumptions about the in-
strument. (Of course it is already well-known that instruments deal with
the attenuation and endogeneity biases.)

Consider an instrument for the explanatory variable z∗, such that cov(z∗, e) =
0. It is assumed to be of the same scale for ease of exposition.

z∗ = x∗ + � (A.6)

Now consider the covariance between the measured outcome variable y
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and the instrument z∗.

cov(y, z∗) = cov(y∗ + uy, z∗)
= cov(x∗β + e+ uy, z∗)
= cov(xβ + e+ uy − uxβ, z∗)
= β cov(x, z∗) + cov(z∗, e) + cov(z∗, uy)− β cov(z∗, ux)
= β cov(x, z∗) + cov(z∗, uy)− β cov(z∗, ux)

(A.7)

In order for β = cov(y,z∗)
cov(x,z∗) , the familiar exactly-identified univariate IV

result, it is required that cov(z∗, uy) = 0 and cov(z∗, ux) = 0. In other
words, the self-reporting biases in the outcome and explanatory variables
need to be uncorrelated with the instrument.

In terms of this paper, self-reporting biases in GPA and peer gender com-
position need to be uncorrelated with neighbourhood gender composition.
The only real concern is that neighbourhood gender composition may affect
self-reporting bias in peer gender composition. For example, an individ-
ual with a large share of opposite gender close neighbours may over-report
opposite gender friends.

Appendix Table A.7 reports results from regressing constructed proxies
for measurement error in peer gender composition and GPA on the instru-
ment, a female indicator, and self-reported GPA. Proxies for measurement
error are constructed by differencing the observed measure from another
measure that does not suffer from potential self-reporting biases. The gen-
der composition measurement error proxy is the difference between the weak
friendship network (in which all nominations generate friendships, so sus-
ceptible to self-reporting biases) and strong friendship network (recipro-
cated nominations generate friendships, so less susceptible to self-reporting
bias) gender composition measures, and the achievement measurement er-
ror proxy is the difference between self-reported and transcript GPA scores
(for the subsample for which transcript GPA scores are available). These
results suggest that the instrument is uncorrelated with measurement error
in self-reported GPA and peer gender composition, providing support for
the empirical strategy.

A.3 Boundary Concerns

One remaining concern is that distance to the community origin may gen-
erate the first stage relationship between the gender composition of close
neighbours and the gender composition of friends. Consider a world in
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which gender is spatially uniformly distributed throughout the school com-
munity and individuals are only friends with their neighbours. Individuals
close to the community origin will have an equal share of own and opposite
gender neighbours, and therefore an equal share of own and opposite gender
friends. Individuals at the community boundary, though, may only have
only neighbour, and therefore only one friend.

This type of community organization and friendship formation would
generate the observed first stage, but variation would be driven completely
by individuals at the community boundary. These individuals are likely to
differ systematically from individuals at the community origin, and therefore
reduce the generalizability of the estimated local effect.

Appendix Table A.8 shows that this is not a concern in the data. This
table splits the sample into three groups according to the distance be-
tween individuals and the community origin (defined as the mean X- and
Y-coordinates in a school community). The first stage is strongest for those
in the middle third (in terms of distance to the community origin) and not
the furthest third, showing that the effect is not driven by individuals at the
boundary. Interestingly, the effect is weak for individuals closest to the com-
munity origin. This is consistent with the idea that the increased density of
schoolmates in the neighbourhood close to the community origin may result
in increased opportunities for friendship formation. This reduces the rela-
tionship between distance and friendship as individuals are able to choose
among their close neighbours for matches that make better friends.

A.4 Cumulative Effect Interpretation

The discussion in the main body of the paper provides a contemporaneous
interpretation of the friendship network gender composition effect. This
section recognizes that peer gender composition affects education production
in every period, allows education production to depend on past production72,
and, given persistence in friendship networks, shows that the parameter
estimated in the paper can be interpreted as the cumulative effect of opposite
gender friends. It subsequently provides a set of assumptions that allow
separation of the cumulative and contemporaneous effects.

Consider the simplified education production of individual i at age t to
be a a function of individual characteristics X and the share of opposite

72Hanushek (2003) and Todd and Wolpin (2003) discuss different formulations of edu-
cation production functions, particularly the different assumptions underlying level and
value-added specifications.
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gender friends O:

Yit = βtXit + γtOit + �it (A.8)

In this formulation, the age-varying parameters βt and γt can be inter-
preted as the cumulative effects of individual characteristics and opposite
gender friends on achievement (up to age t). We can explicitly include lagged
achievement to give these parameters a contemporaneous (or value-added)
interpretation (dropping the i subscript for clarity).

Yt = βtXt + γtOt + λtYt−1 + et (A.9)

Education production at age t can then be expressed as a function of
the history of individual characteristics {Xt, Xt−1, . . . , X1}, opposite gen-
der friend shares {Ot, Ot−1, . . . , O1}, initial ability Y0, and the history of
production shocks {et, et−1, . . . , e1}:

Yt =βtXt +
t−1�

j=1

βt−j

j�

k=1

λt+1−kXt−j + γtOt +
t−1�

j=1

γt−j

j�

k=1

λt+1−kOt−j

+
t�

k=1

λt+1−kY0 + et +
t−1�

j=1

j�

k=1

λt+1−ket−j

(A.10)

We now make two simplifying assumptions.

A1. Xu = Xu−1 for all u.
A2. The share of opposite gender friends evolves according to the fol-

lowing process:

O1 = γ0Z + u1

O2 = κ2O1 + u2

. . .

Ot = κtOt−1 + ut

(A.11)

The first assumption fixes individual characteristics as an individual
ages. This assumption is not restrictive for characteristics such as gender,
race and immigrant status. It may have some bite for characteristics such
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as parent education and household income that potentially vary for some
school-going individuals over time.

The second assumption describes a simple evolution for the share of op-
posite gender friends. The initial share of opposite gender friends O1 is a
linear function of the share of opposite gender friends in the close neighbour-
hood Z with all other initial determinants of friendship composition in the
error term u1.73 Opposite gender friend shares then follow an AR(1) process
where friendship network gender composition depends on lagged friendship
network gender composition and an additive shock (which is not necessarily
orthogonal to other components of the model). This is reasonable given
persistence in friendship networks as an individual ages (networks do not
reset every period). The model does not allow families to relocate.

These assumptions allow us to express education production as a func-
tion of individual characteristics Xt, current share of opposite gender friends
Ot, initial ability Y0, the history of shocks to production {et, et−1, . . . , e1},
and the history of shocks to friendship network gender composition that af-
fect current achievement through their affect on past achievement {ut, ut−1, . . . , u1}.

Yt =




βt +
t−1�

j=1

βt−j

j�

k=1

λt+1−k




Xt +




γt +
t−1�

j=1

γt−j

j�

k=1

λt+1−k

κt+1−k




Ot

+
t�

k=1

λt+1−kY0 + et +
t−1�

j=1

j�

k=1

λt+1−ket−j

−
t−1�

j=1

γt−j

j�

k=1

λt+1−k

j�

l=1

�
j�

m=l

κt+1−m

�−1

ut+1−l

(A.12)

Along with the direct effects of characteristics and peer gender com-
position operating through βt and γt, the additional term in the respective
coefficients describe the indirect effects operating through past achievement.
Under this framework, consistent estimates of the coefficients on Xt and Ot

should therefore be interpreted as the cumulative effects of individual char-
acteristics and the share of opposite gender friends on achievement.

The initial endogeneity problem in estimating the effect of opposite gen-
der friends arose because of the correlation between friendship network gen-

73The effect of individual characteristics on friendship network gender composition is
omitted at this stage for tractability; it would not change the econometric analysis if
included. It is included when the model is taken to the data.
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der composition and the contemporaneous unobservable determinants of ed-
ucation production. This formulation suggests additional concern due to po-
tential correlation with the both the history of education production shocks,
and the past shocks to friendship network composition that affect current
achievement through past achievement.

The neighbourhood gender composition instrument, however, remains
correlated with the current share of opposite gender friends and orthogonal
to all components of the error term (initial ability and the shocks), allow-
ing identification of the cumulative effect of opposite gender friends. The
orthogonality with initial ability and unobservable determinants of achieve-
ment follows from the same arguments as provided in the initial exposition.
Orthogonality with the shocks to friendship network gender composition are
a consequence of the assumption that the only direct effect of close neigh-
bourhood gender composition on friendship network gender composition is
in the initial period.

The correlation between current share of opposite gender friends and
share of opposite gender close neighbours is evident in the below expression
for Ot, which is essentially the first stage for using Z as an instrument for
Ot.

Ot = κtOt−1 + ut

=
t−1�

j=1

κj+1γ0Z +
t−1�

j=1

j�

k=1

κt+1−kut−j + ut
(A.13)

The predicted friendship network gender composition Ôt =
�t−1

j=1 �κj+1γ0Z
identifies the cumulative effect of opposite gender friends in Equation A.12.

The following two equations define the reduced form first and second
stage parameters for an individual of age t. The dependence of the share of
opposite gender friends on characteristics X is made explicit.

Ot = πtXt + ωtZ + vt (A.14)

Yt = ψtXt + ρtOt + µt (A.15)

The reduced form parameters of interest can be expressed in terms of
the underlying parameters.
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ωt =
t−1�

j=1

κj+1γ0 (A.16)

ρt =




γt +
t−1�

j=1

γt−j

t�

k=1

λt+1−k

κt+1−k




 (A.17)

The time-varying underlying parameters are not identified even with
data for individuals of different ages. Additional assumptions separate the
contemporaneous and cumulative effects of opposite gender friends.

A3. βu = βu−1, γu = γu−1, λu = λu−1 and κu = κu−1 for all u.
A4. λ �= 1.
A5. λ

κ �= 1.

The third assumption imposes constancy in the parameters over all ages
in both the education production function described by Equation A.12 and
the friendship network gender composition process described by Equation
A.13.74 Assumption A3 identifies the underlying parameters if we observe
individuals of different ages. The fourth and fifth assumptions simply allow
us to use the formula for summation of a geometric sequence. These are
easily relaxed, and an alternative derivation is provided below for when A5
does not hold.

Given these assumptions, education production for an individual of high
school age t is given by:

Yt =β
1− λt

1− λ
Xt + γ

1− (λκ)
t

1− (λκ)
Ot + λtY0 + et +

t−1�

j=1

λjet−j

− γ
t−1�

j=1

λj
j�

l=1

κl−j−1ut+1−l

(A.18)

The simplified first stage (omitting dependence on X as before) is given

74This may be less restrictive if we limit the model to describe individuals of middle
and high school ages where initial ability is that accumulated by the beginning of middle
school and middle school initiates a new friendship gender composition process.
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by

Ot = κt−1γ0Z +
t−1�

j=1

κjut−j (A.19)

The parameters of interest are identified up to an indexing of a from
the first and second stage estimates for two adjacent age groups.75 Table
2.6 reports estimates for those above and below the age of sixteen, provid-
ing the necessary information. Finer sample splits provide overidentifying
restrictions, but are costly in terms of statistical precision given the small
samples.

The following four equations determine the contemporaneous effect of
opposite gender friends γ, the effect of lagged achievement λ, the friend-
ship network gender composition process κ, and the correlation between
initial friendship network gender composition and close neighbourhood gen-
der composition γ0. The standard errors of these parameters need to be
bootstrapped given that λ is the solution to a higher order polynomial for
which an analytical solution may not exist.

κ =
ωa+1

ωa
(A.20)

γ0 =
ωa
a

ωa−1
a+1

(A.21)

ρa(
λ

κ
)a+1 − ρa+1(

λ

κ
)a + (ρa+1 − ρa) = 0 (A.22)

γ = ρa
1− (λκ)

1− (λκ)
a

(A.23)

λ and κ describe AR(1) processes for education production and friend-
ship network gender composition. It is not unreasonable to consider the case
where these parameters are equal, violating A5 (the assumption that allowed
us to express the coefficient as the summation of a geometric sequence). An
alternative assumption results in the following formulation (where κ and γ0
are defined as before).

75The age index a is a free parameter. For example, choosing a = 1 assumes that
the modelled education production process begins at high school. Age increments are
described by the integers, but need not correspond to the same period of time over the
education process. For example, two years at high school could correspond to one year at
primary school. This provides flexibility in the choice of a, so estimates for a wide range
of possible values are reported.
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A5�. λ
κ = 1

Yt =β
1− λt

1− λ
Xt + γtOt + λtY0 + et +

t−1�

j=1

λjet−j − γ
t−1�

j=1

λj
j�

l=1

κl−j−1ut+1−l

(A.24)

γ =
ρa
a

(A.25)

λ = γ (A.26)

a =
ρa

ρa+1 − ρa
(A.27)

This formulation restricts the index a, which is useful given that the
contemporaneous effect of friendship network gender composition γ would
otherwise only be identified up to a multiplicative constant.

Appendix Table A.9 reports estimates of these parameters under the
different sets of assumptions: the first six columns underA5 and assumptions
on the age index, and the seventh column under A5�. The friendship network
gender composition process κ is stable and indicates that two-thirds of the
share of opposite gender friends persists as an individual ages. It is precisely
estimated because it is the ratio of precise first stage estimates ωa+1

ωa
. The

dependence of initial friendship network gender composition on the gender
composition of the close neighbourhood is only precisely estimated if it is
assumed that the friendship process begins at high school (a = 1). It gets
larger as the gender composition process is assumed to begin at earlier ages
(which is mechanical given the AR(1) friendship process), but is less precisely
estimated. This is because it is the ratio of exponential functions of imprecise
first stage estimates. Similarly, the correlation between current and lagged
GPA λ gets larger as GPA accumulation is assumed to begin at earlier ages.
Finally, the contemporaneous effect of the share of opposite gender friends
on achievement γ remains relatively precise over assumptions on the age
index, confirming a negative effect. Under assumption A5� in which the age
index is determined by the model, high school is estimated to begin at an
age index a = 3. The associated contemporaneous effect of opposite gender
friends is negative, but imprecisely estimated.

This section has provided a cumulative interpretation of the effects of
friendship network gender composition. Without assumption A3, the con-
temporaneous and cumulative effects cannot be separated. Empirical results
in the paper can therefore be interpreted in two ways. First, this assumption
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A.4. Cumulative Effect Interpretation

can be discarded, and the original estimated parameter may be interpreted
as the cumulative effect of exogenous variation in the share of opposite gen-
der friends induced by an initial dependence of friendship composition on
the gender composition of the close neighbourhood. Second, this assump-
tion can be adopted, and data for individuals of different ages identify the
parameters that describe the evolution of education production and friend-
ship network gender composition. Furthermore, this allows us to separate
the contemporaneous effect of opposite gender friends from the cumulative
effect operating through past production. The estimated parameters are
consistent with opposite gender friends negatively affecting high school per-
formance under both interpretations.
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A.5 Appendix Tables

Table A.1: Descriptive statistics: controls
Mean

All Males Females
Core demographics
White 0.52 0.52 0.52
Black 0.20 0.20 0.20
Hispanic 0.16 0.16 0.16
Asian 0.09 0.10 0.09
Other 0.03 0.03 0.03
Not born in US 0.09 0.09 0.09
Age (years and months) 16.16 16.24 16.07
Home language
English spoken at home 0.89 0.89 0.88
Spanish spoken at home 0.08 0.08 0.08
Mother education
Mother did not graduate high school 0.18 0.17 0.19
Mother graduated high school 0.32 0.34 0.31
Mother attended some college 0.18 0.17 0.19
Mother graduated college 0.25 0.25 0.25
Father education
Father did not graduate high school 0.14 0.14 0.14
Father graduated high school 0.23 0.24 0.22
Father attended some college 0.13 0.14 0.13
Father graduated college 0.22 0.22 0.21
Parent characteristics
Interviewed parent not born in US 0.15 0.16 0.15
Not receiving public assistance 0.07 0.05 0.08
Receiving public assistance 0.78 0.80 0.77
Household income
Household income: <$20k 0.14 0.14 0.15
Household income: $20k-$40k 0.21 0.22 0.21
Household income: $40k-$60k 0.19 0.19 0.18
Household income: >$60k 0.19 0.19 0.19
Household structure
Mother in household 0.91 0.91 0.91
Father in household 0.71 0.73 0.69
Biological mother in household 0.86 0.86 0.86
Biological father in household 0.60 0.62 0.58
Grade repetition
Has repeated at least one grade 0.19 0.24 0.15

Observations 8,435 4,124 4,311

Categories for missing such that shares sum to one not reported but
included in all analyses.
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Table A.2: Instrument balance tests
(1) (2) (3) (4)
Share opposite gender Share white
All Males Females All

Core demographics
Female -0.01*** 0.01
Black 0.00 -0.01 0.01 -0.23***
Hispanic 0.00 -0.02 0.02 -0.10***
Asian 0.01 -0.02 0.04*** -0.12***
Other 0.00 -0.00 0.00 -0.05***
Age (years and months) -0.01 -0.01 -0.01 -0.01***
Not born in US 0.00 0.01 -0.01 0.01*
Home language
Spanish spoken at home 0.00 -0.01 0.01 -0.04***
Other language spoken at home -0.02** -0.06*** 0.01 -0.01
At least one ESL course taken 0.01 0.01 0.01 -0.01**
Parent characteristics
Mother did not graduate high school 0.01 0.00 0.00 -0.01**
Mother attended some college 0.00 -0.00 0.01 0.00
Mother graduated college 0.00 0.01* -0.01 0.01
Father did not graduate high school -0.00 -0.00 -0.01 0.00
Father attended some college -0.00 -0.01 0.00 0.00
Father graduated college 0.01 -0.01 0.01* 0.01
Not born in US -0.00 0.03*** -0.03*** -0.01
Receiving public assistance 0.01 -0.00 0.01 -0.02***
Annual household income
Zero 0.01 -0.01 -0.00 -0.01
<$20k 0.00 -0.00 0.01 -0.03***
$20k-$40k 0.00 0.00 0.00 -0.02***
$40k-$60k 0.01 0.00 0.01* -0.01
Household structure
Mother in household 0.01 0.02 0.00 0.03**
Father in household 0.01 0.01 0.01 -0.01
Biological mother in household -0.01 -0.01 -0.01 -0.02***
Biological father in household -0.00 -0.00 -0.00 0.00
Grade repetition
Has repeated a grade -0.01 0.01 -0.01* 0.00

Observations 8,435 4,124 4,311 8,435

School and grade fixed effects included. Indicator variables for school in satu-
rated sample and period of interview included. Robust standard errors clustered
by school in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table A.3: Sensitivity analysis - instrument specification
(1) (2) (3) (4)

Overall GPA (A=4, D or lower=1)

Instrument specification
20 nearest schoolmates x x
Schoolmates within 2km x x
Weighted x x
Unweighted x x
School friends
Share opposite gender -1.05** -1.02** -0.79 -1.38

(0.53) (0.47) (0.68) (1.06)
Controls
Female 0.18*** 0.18*** 0.19*** 0.19***

(0.02) (0.02) (0.02) (0.02)
Other controls x x x x
School and grade fixed effects x x x x
First-stage coefficients
Share opposite gender in close
neighbourhood 0.13*** 0.16*** 0.08** 0.06**

(0.03) (0.03) (0.03) (0.03)
Diagnostics
F-statistic on excluded instrument 15.32 14.46 6.37 4.46

Observations 8,435 8,435 8,160 8,160

Indicator variables for school in saturated sample and period of interview
included. Robust standard errors clustered by school in parentheses. ***
p<0.01, ** p<0.05, * p<0.1.
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Table A.4: Sensitivity analysis - network density and friendship definitions
(1) (2) (3) (4) (5) (6) (7) (8)

Overall GPA (A=4, D or lower=1)

Sample restriction
None x x x x
Single friend nomination x
Five friend nomination x
At least two friends x
At least 75% nominations matched x
Friendship definition
Any nomination x x x x x
Nominating friendships (out) x
Nominated friendships (in) x
Reciprocated nominations x
School friends
Share opposite gender -1.05** -0.84 -1.19 -0.83* -1.08* -0.59 -1.08* -0.45

(0.53) (0.66) (0.79) (0.49) (0.55) (0.56) (0.55) (1.32)
Controls
Female 0.18*** 0.18*** 0.19*** 0.17*** 0.20*** 0.16*** 0.21*** 0.17***

(0.02) (0.03) (0.03) (0.02) (0.03) (0.03) (0.03) (0.06)
Other controls x x x x x x x x
School and grade fixed effects x x x x x x x x

Observations 8,435 4,559 3,876 4,110 4,283 6,174 6,017 2,834

Indicator variables for school in saturated sample and period of interview included. Robust standard er-
rors clustered by school in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

128



A.5. Appendix Tables

Table A.5: Sensitivity analysis - school urbanicity
(1) (2) (3) (4)

Overall GPA (A=4, D or lower=1)

School urbanicity
Urban x
Suburban x x
Rural x x
School friends
Share opposite gender 0.01 -0.96 -2.44 -1.31***

(1.24) (0.64) (1.67) (0.60)
Controls
Female 0.20*** 0.20*** 0.17*** 0.19***

(0.06) (0.03) (0.05) (0.02)
Other controls x x x x
School and grade fixed effects x x x x
First-stage coefficientsa

Share opposite gender in close
neighbourhood 0.08 0.14*** 0.11* 0.13***

(0.07) (0.04) (0.06) (0.03)
Diagnostics
F-statistic on excluded instrument 1.39 10.04 3.70 14.30

Observations 1,892 4,456 2,087 6,543

Indicator variables for school in saturated sample and period of interview
included. Robust standard errors clustered by school in parentheses. ***
p<0.01, ** p<0.05, * p<0.1.
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Table A.6: Placebo test - effect of share even birth month
(1) (2) (3) (4)

First stage OLS IV
School friends
Share Share

opposite even birth GPA
gender month (A=4, D=1)

Nearest 20 schoolmates
Share even birth month 0.03 0.21***

(0.04) (0.04)
School friends
Share even birth month 0.01 -0.38

(0.02) (0.32)
Controls
Female -0.01 0.01 0.20*** 0.20***

(0.01) (0.01) (0.02) (0.01)
Other controls x x x x
School and grade fixed effects x x x x

Observations 8,435 8,435 8,430 8,430

Indicator variables for school in saturated sample and period of interview
included. Robust standard errors clustered by school in parentheses. ***
p<0.01, ** p<0.05, * p<0.1.
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Table A.7: Measurement error from self-reporting bias
(1) (2) (3) (4) (5) (6) (7) (8)
Measurement error proxy (calculated for subset of sample)
Share opposite gender GPA (A=4, D or lower=1)

All nominations Self-reported
- reciprocated nominations - transcript

Nearest 20 schoolmates: -0.00 -0.01 -0.06 -0.03
share opposite gender (0.04) (0.04) (0.07) (0.07)
Female 0.03*** 0.03*** -0.10*** -0.12***

(0.01) (0.01) (0.02) (0.02)
GPA (A=4, D or lower=1; self-reported) -0.01 -0.01 0.09*** 0.10***

(0.01) (0.01) (0.01) (0.01)

Observations 2,834 2,834 2,834 2,834 3,811 3,811 3,811 3,811
R-squared 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.03

Indicator variables for school in saturated sample and period of interview included. Robust standard errors
clustered by school in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table A.8: Sensitivity of first stage to distance from community origin
School friends:

Share opposite gender
Closest Middle Furthest
third third third
(1) (2) (3)

Nearest 20 schoolmates
Share opposite gender 0.00 0.18*** 0.15***

(0.06) (0.05) (0.06)
Controls
Other controls x x x
School and grade fixed effects x x x
Diagnostics
F-statistic of excluded instrument 0.01 10.46 5.74

Observations 2,961 2,755 2,719

Indicator variables for school in saturated sample and period of
interview included. Robust standard errors clustered by school in
parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table A.9: Cumulative effect estimates - math and science GPA
(1) (2) (3) (4) (5) (6) (7)

Identifying assumption (A5 or A5�)
λ
κ �= 1 (A5) λ

κ = 1 (A5�)

Cumulative effect parameters
Age index at 1 2 3 4 5 6 3.20
high school (10)

κ: friendship 0.67 0.67* 0.67* 0.67** 0.67 0.67* 0.67**
(0.53) (0.35) (0.38) (0.31) (0.44) (0.38) (0.32)

γ0: instrument 0.14*** 0.21 0.31 0.47 0.70 1.05 0.34
(0.04) (0.34) (1.21) (253) (2313) (334) (126)

λ: GPA 0.21 0.49 0.64 0.73 0.78 0.81 0.67*
(1.23) (5.70) (5.63) (0.70) (1.53) (3.04) (0.32)

γ: opp gender -1.39* -0.80*** -0.48** -0.30 -0.20 -0.14* -0.43
(0.82) (0.34) (0.22) (0.20) (0.34) (0.08) (1.06)

Observations 8169 8169 8169 8169 8169 8169 8169
Replications 50 50 50 50 50 50 50

Bootstrapped standard errors in parenthesis (school-grade-gender strata. *** p<0.01, **
p<0.05, * p<0.1.
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Appendix B. Negative Externalities in High School Course Repetition

The appendix describes results from a variety of robustness and sensi-
tivity checks.
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Table B.1: Descriptive demographic statistics - Pooled (student-years)
First- Failed and Course-
time repeating takers

course- course- who
All takers takers pass

Math GPA score (transcript) 2.17 2.29 1.26 2.61
Gender and race:
Female 0.50 0.51 0.41 0.52
White 0.45 0.45 0.32 0.51
Black 0.13 0.12 0.22 0.11
Hispanic 0.21 0.21 0.22 0.18
Asian 0.18 0.21 0.19 0.18
Other 0.02 0.02 0.04 0.02
Age (years and months) 16.80 17.03 17.12 16.65
Immigrant status
and home language:
Not born in US 0.13 0.15 0.11 0.13
Home language: English 0.84 0.83 0.85 0.85
Home language: Spanish 0.10 0.10 0.13 0.09
Home language: Other 0.06 0.07 0.02 0.06
Parent characteristics:
Mother ed: Less than high school 0.19 0.18 0.21 0.16
Mother ed: High school 0.32 0.31 0.26 0.33
Mother ed: Some college 0.18 0.18 0.19 0.19
Mother ed: College 0.24 0.26 0.25 0.25
Father ed: Less than high school 0.16 0.15 0.18 0.14
Father ed: High school 0.24 0.23 0.21 0.24
Father ed: Some college 0.16 0.17 0.15 0.17
Father ed: College 0.22 0.25 0.14 0.25
Parent not born in US 0.23 0.26 0.26 0.22
Household income:
Household income: <$20k 0.09 0.08 0.11 0.09
Household income: $20k-$40k 0.23 0.23 0.24 0.23
Household income: $40k-$60k 0.20 0.21 0.17 0.21
Household income: >$60k 0.18 0.19 0.16 0.19
Observations 6341 3379 310 3937
Share 1 0.53 0.05 0.62
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Table B.2: Effect of course repeaters on academic performance of first-time
course-takers

Dependent variable: Sample: First-time course-takers
Math GPA score (1) (2) (3) (4) (5) (6) (7)
Course-mates:
Number of students
failed and repeating:
Natural log -0.58**

(0.23)
Linear -0.02*** -0.09** -0.04*** -0.13***

(0.004) (0.03) (0.01) (0.04)
Quadratic 0.001 0.004

(0.001) (0.003)
Share of students -0.20 -0.11
failed and repeating (0.82) (1.46)
Course size (number of students):
Linear -0.001*** 0.003

(0.0003) (0.003)
Quadratic 0.000

(0.000)
Non-parametric x x x x
Fixed effectsa x x x x x x x
Observations
(student-years) 3379 3379 3379 3379 3379 3379 3379
Number of students 1810 1810 1810 1810 1810 1810 1810

aYear, school-cohort, school-course, school-course trends and individual fixed effects
included. Robust standard errors clustered by school in parentheses. *** p<0.01, **
p<0.05, * p<0.1.
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Table B.3: Robustness check - excluding selected subjects and schools
Sample:

First-time course-takers
Dependent variable: Math GPA score (1) (2) (3)
Exclusions:
Algebra I x x
Selected schools x x
Course-mates:
Log number of students failed -0.06 -0.13** -0.04
and repeating (0.04) (0.06) (0.06)
Fixed effectsa x x x
Observations (student-years) 2828 2414 2023
Number of students 1565 1291 1130

aYear, school-cohort, school-course, school-course trends and indi-
vidual fixed effects, as well as log number of students in course in-
cluded. Robust standard errors clustered by school in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.

Table B.4: Correlation between course failure rate and subsequent GPA
Dependent variable: Sample: Course-takers who pass
Subsequent year math GPA score (1) (2) (3) (4)
Course-mates:
Log number of students who -0.09 -0.13
fail and repeat current course (0.11) (0.09)
Log number of students who -0.10* -0.03
fail current course (0.05) (0.07)
Log number of students who 0.02 0.09
repeat current course (0.07) (0.06)
Fixed effectsa x x x x
Observations (student-years) 3276 3276 3276 3276
Number of students 1860 1860 1860 1860

aYear, school-cohort, school-course, leading school-course and individ-
ual fixed effects, as well as log number of students in course included.
Robust standard errors clustered by school in parentheses. *** p<0.01,
** p<0.05, * p<0.1.
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Appendix C. The Effects of Part-Time Work During High School

The appendix describes results from OLS regressions of the various de-
pendent variables on part-time hours worked during high school. These
estimates do not have a causal interpretation.
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Table C.1: OLS results - educational outcomes
All grades 8-10th grades 11-12th grades

Mean GPA score (Wave 2)
All hours -0.002* 0.0004 -0.005***
Hours worked<5 0.004 0.01 -0.01
Hours worked≥5 -0.004*** -0.001 -0.007***

Graduated high school
All hours -0.0008* -0.001* -0.0004
Hours worked<5 -0.002 -0.004 -0.0003
Hours worked≥5 -0.001 -0.001 -0.0005

Years of education
All hours -0.012*** -0.013*** -0.012***
Hours worked<5 0.02 0.03 -0.04
Hours worked≥5 -0.016*** -0.01** -0.017***

Desire to attend college (Wave 2)
All hours -0.005*** -0.004 -0.006**
Hours worked<5 0.01 -0.003 0.04
Hours worked≥5 -0.008*** -0.006* -0.012***

Expect to attend college (Wave 2)
All hours -0.003* -0.001 -0.006**
Hours worked<5 0.01 0.02 -0.03
Hours worked≥5 -0.008*** -0.004 -0.012***

Attended college
All hours -0.001 -0.002** 0.0002
Hours worked<5 0.016** 0.02** 0.01
Hours worked≥5 -0.001 -0.001 -0.001

Robust standard errors clustered by school-grade in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
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Table C.2: OLS results - labour market outcomes
All grades 8-10th grades 11-12th grades

Age at first full-time job
All hours -0.024*** -0.031*** -0.02***
Hours worked<5 -0.01 0.00 -0.09
Hours worked≥5 -0.017*** -0.02*** -0.02**

Log(number of jobs)
All hours -0.001 -0.002 0.000
Hours worked<5 0.01 0.01 0.004
Hours worked≥5 -0.002 0.001 -0.002

Log(income)
All hours 0.004*** 0.003 0.006**
Hours worked<5 0.01 0.005 0.02
Hours worked≥5 0.003 0.002 0.003

Log(hours worked per week)
All hours 0.0013*** 0.001 0.002***
Hours worked<5 0.001 0.003 -0.004
Hours worked≥5 0.002** 0.001 0.003***

Do light or hard physical work
All hours 0.0002 0.001 0.000
Hours worked<5 0.03*** 0.03*** 0.02
Hours worked≥5 0.000 0.001 -0.001

Satisfied with job
All hours 0.001 0.0002 0.001
Hours worked<5 0.01 0.01 -0.004
Hours worked≥5 0.001 0.001 0.0002

Robust standard errors clustered by school-grade in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
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