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The Girl Next Door: The Effect of Opposite Gender 
Friends on High School Achievement†

By Andrew J. Hill*

This paper finds that a student’s share of opposite gender school 
friends negatively affects high school GPA. It uses the gender 
composition of schoolmates in an individual’s neighborhood as 
an instrument for the gender composition of an individual’s self-
reported friendship network. The effect occurs across all subjects 
for students older than 16, but only in mathematics and science for 
younger students. Additional results indicate effects may operate 
inside the classroom through difficulties getting along with the 
teacher and paying attention, and outside the classroom through 
romantic relationships. (JEL I21, J13, J16)

Are opposite gender friends in high school a distraction or do they promote better 
academic achievement? Students spend a large amount of time with their school 

friends (Fuligni and Stevenson 1995; Gager, Cooney, and Call 1999), yet we know 
little about how the composition of their school friendship networks affects them. 
Understanding friendship network gender composition speaks to the single-sex edu-
cation debate to the extent that changes in class and school gender composition 
affect both the formation of and interactions with opposite gender school friends.

The single-sex versus mixed gender education debate has received renewed atten-
tion in the wake of Title IX regulations that eased constraints on single-sex educa-
tion within the US public school system (Jackson 2012). Single-sex classes and 
schools may make it easier for educators to address gender gaps in achievement 
(Fortin, Oreopoulos, and Phipps 2013; Bertrand and Pan 2013; Ku and Kwak 2013) 
and traits such as competitiveness (Gneezy, Niederle, and Rustichini 2003; Niederle 
and Vesterlund 2010) that have been shown to affect labor market outcomes (Buser, 
Niederle, and Oosterbeek 2012). Identifying how the gender composition of a 
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student’s school friends affects academic achievement distinguishes a potentially 
important student response of reorganizing class and school gender composition 
from other effects.

This paper investigates the effect of the share of opposite gender school friends on 
academic achievement.1 An instrumental variables approach overcomes the endog-
eneity of peer composition arising from selection into friendship groups. Students 
with more opposite gender schoolmates in their close neighborhoods have more 
opposite gender school friends, and, given that the gender composition of school-
mates in a student’s neighborhood is essentially random, provides plausibly exoge-
nous variation in the share of opposite gender friends from which a causal effect on 
the outcomes of interest can be estimated.

The study makes two contributions to the economics of education literature. 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 composition of an individual’s friendship 
network on academic outcomes.2 A standard deviation increase in the share of oppo-
site gender friends causes a half standard deviation reduction in GPA scores.

Second, this paper studies potential mechanisms through which friendship net-
work gender composition effects operate. It presents suggestive evidence 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 generally associated with negative 
academic outcomes. Results also indicate that opposite gender friends increase the 
probability of the student being in a romantic relationship, which may have adverse 
effects on achievement.

These findings are related to but distinct from the literature on cohort gender 
effects, which generally finds that a higher share of female same-grade schoolmates 
is associated with better outcomes (for example, Lavy and Schlosser 2011). I con-
sider the gender composition of a student’s within-school friendship network, typi-
cally a subset of schoolmates in the cohort. Cohort effects may reflect the responses 
of schools, teachers, and the class environment,3 while friendship network effects 
are likely generated by actual peer interactions. In contrast to the cohort composi-
tion literature, results indicate that relative gender (same versus opposite) rather 

1 The effect of the share rather than the number of opposite gender friends is modeled in this paper. Many ado-
lescent activities are conducted as friendship groups rather than separately as friendship pairs, making the share of 
opposite gender friends a salient statistic. For example, a boy with two male friends and two female friends may be 
more similar to a boy with three male friends and three female friends (same share of opposite gender friends) than 
another boy with four male friends and two female friends (same number of opposite gender friends). The paper 
does not preclude the potential for the number of opposite gender friends to have a separate effect. 

2 Poulin, Denault, and Pedersen (2011) attempt to identify an effect using longitudinal variation in the compo-
sition of friendship networks, but they cannot account for time-varying changes in unobservable characteristics. 

3 For example, popular educational psychologists who argue that boys and girls learn differently (Gurian 2010) 
raise the possibility that variation in teaching styles as teachers respond to class composition generates classroom 
gender composition effects. Under this hypothesis, developing a teaching style suited to both genders may be an 
appropriate policy response. The finding in this paper that friendship network gender composition effects may oper-
ate inside the classroom suggests that within-classroom peer interactions matter, and that policies targeting teaching 
styles may therefore be inadequate. 
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than absolute gender (male versus female) is what matters when it comes to friend-
ship network composition effects.

The compositional peer effects4 estimated in this paper are typically difficult to 
identify because peer groups are selected; parents choose schools for their children, 
and teenagers choose their friends. Existing studies examining compositional peer 
effects on academic achievement have used two broad approaches to overcome peer 
selection. The first approach exploits the institutional random assignment of peers. 
Sacerdote (2001); Zimmerman (2003); Stinebrickner and Stinebrickner (2006); and 
Carrell, Sacerdote, and West (2013) use the random assignment of students to dif-
ferent residences at the same postsecondary institution to investigate the effects of 
peer characteristics on various student outcomes.5 The second approach uses vari-
ation in the composition of students across grades within the same school to iden-
tify compositional peer effects for same-grade schoolmates (within-school cohorts). 
Prior studies have used this approach to investigate compositional peer effects along 
multiple dimensions: race (Hanushek, Kain, and Rivkin 2009), domestic violence 
(Carrell and Hoekstra 2010), home language (Friesen and Krauth 2011), parent 
characteristics (Bifulco, Fletcher, and Ross 2011) and, related to this paper, gender 
(Hoxby 2000; Lavy and Schlosser 2011; Schneeweis and Zweimüller 2011). My 
paper offers a new approach that uses one dimension along which peer groups form 
(distance) to generate exogenous variation in an orthogonal dimension of peer com-
position (gender).

This paper also contributes to the literature investigating the role of peer gen-
der composition in the propensity to engage in behaviors associated with drinking, 
smoking, and teenage pregnancy (Waddell 2012; Fletcher and Ross 2012; Black, 
Devereux, and Salvanes 2013).

I organize the paper the following way. Section I introduces the empirical method-
ology, particularly the strategy to overcome the endogeneity in the gender composi-
tion of high school friendship networks. The subsequent data section is divided into 
two subsections. Section IIA provides empirical support for the claim that distance is a 
significant determinant of friendship, the hypothesis on which the identification strat-
egy relies, and Section IIB describes the data in detail. Results appear in Section III, 
with subsections corresponding to the primary findings, potential mechanisms, and 
long-term effects. Section IV provides an overall interpretation of the findings.

4 Manski (1993) discusses the different types of peer effects. This paper focuses on compositional or exoge-
nous 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, Djebbari, and Fortin 2009; Cooley 2010; De Giorgi, Pellizzari, and Redaelli 2010; Lin 2010). 

5 This type of random assignment is typically not across genders, limiting the potential for studying gender com-
position effects, although Whitmore (2005), who uses the class size randomization of Project STAR to investigate 
the effects of gender composition in elementary school classrooms, provides an exception. 
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I.  Empirical Methodology and Specification

This paper focuses on the effects associated with opposite gender friendships.6 
The academic achievement ​Y​ of individual ​i​ in grade ​g​ and school ​s​ is modeled 
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​:

(1)	​ ​Y​ igs​​  =  α​F​ i​​ + β​X​i​​ + γ ​O​is​​ + δ​D​g​​ + θ​D​s​​ + ​ϵ​igs​​​.

The model is estimated on the combined sample of males and females, imposing 
gender symmetry in the effect. I include an interaction term ​​F​ i​​ × ​O​is​​​ when gender 
symmetry is relaxed. This specification shows that the effect of opposite gender 
friends is negative for both males and females, but is plausibly of different magni-
tudes (although not statistically different). The advantage of the symmetry restric-
tion is that it increases 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, personality traits, and 
noncognitive skills. For example, supportive parents may encourage participation 
in a wide range of extramural activities, resulting in more gender-balanced friend-
ship 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 attenuation 
bias associated with potential classical measurement error, friendship networks are 
constructed from self-reported friendship nominations. This process may yield sys-
tematically biased measures of friendship gender composition. For example, some 
students may nominate opposite gender classmates as friends in an effort to appear 
more popular, and, if the selection of these students is correlated with their academic 
achievement, will generate correlation between the share of opposite gender friends 
and high school performance.

The omitted variables problem and potential measurement error results in least 
squares estimation of equation (1) providing biased estimates of ​γ​ , the effect of the 
share of opposite gender friends on academic achievement. The challenges in iden-
tifying friendship network gender composition are largely distinct from those faced 
by the literature investigating grade gender composition effects, and a very differ-
ent approach needs to be taken to the commonly used within-school across-cohort 
design. This paper exploits variation in the gender composition of schoolmates in 

6 In relation to the network literature, opposite gender friendships are an example of other-type associations. 
Homophily in friendship networks (the tendency to form same-type friendships) has been extensively modeled 
in Currarini, Jackson, and Pin (2009). This paper exploits an aspect of the friendship formation process to obtain 
exogenous variation in friendship network gender homophily from which the causal effects of gender homophily on 
individual academic achievement and other outcomes can be estimated. It otherwise abstracts away from network 
formation. See Fletcher, Ross, and Zhang (2013) for a paper that estimates a reduced form matching model to pre-
dict friendship formation using the Add Health. 
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the close neighborhood to obtain exogenous variation in the gender composition of 
school friends.

I introduce the idea behind the identification strategy with 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’s (mostly 
male) friends.7 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 neighbors’ children 
when they chose where to live even though both may have based their choices 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 identification 
strategy. The probability of Alice being friends with her neighbor 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. Existing empirical evidence supports 
the strength of the relationship between distance and friendship. Using the same 
data as this paper, Mouw and Entwisle (2005) find that friends are more than five 
times as likely as nonfriends to live within 0.25km of one another after conditioning 
on several observable characteristics. A further requirement is that there needs to 
be variation in the gender composition of schoolmates across neighborhoods; the 
strategy does not work if everyone in the school has one male neighbor and one 
female neighbor as this would not generate variation in the gender composition of 
friendship networks. I discuss these conditions further in the data and descriptive 
statistics section.

The exact instrument used in this paper is a weighted average of the gender com-
position of someone’s nearest twenty same-school neighbors (the set denoted by ​J20​ 
in the specification below). Each neighbor ​j​ is identified as being of opposite gender 
to ​i​ by the indicator ​​O​ijs​​​ , and their contribution to the mean function is weighted by 
an inverse function of the distance between the relevant individual and the neigh-
bor ​​D​ijs​​​ (the nearer the neighbor, the greater the weight). The weighting function 
​w(​D​ijs​​)​ takes the form of the standard Epanechnikov kernel with bandwidth equal to 
the distance to the twentieth nearest neighbor ​​D​ J20​​​.

Results for alternative specifications of the instrument (reported in the online 
Appendix) indicate that the primary findings do not depend on the functional form 
of the instrument or the weighting function.8 The chosen measure was found to be 
the best approximation of the underlying friendship production function (have the 

7 It is well established that the probability of friendship increases with the existence of mutual friends (see, for 
example, Goodreau, Kitts, and Morris 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 friend-
ship with her male neighbor, Charles, but also by her friendships with Charles’ mostly male friends. 

8 The estimates associated with other instruments and weighting functions are generally similar in magnitude, 
although some are less precise. Weights reflect the probability of friendship being inversely related to spatial prox-
imity. As with any IV strategy, the estimated effect needs to be interpreted as a local treatment effect for variation 
induced by close neighborhood gender composition. 
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strongest first stage). I investigate the extent of the bias introduced by selecting 
the instrument in this way in the online Appendix by bootstrapping the combined 
instrument selection procedure and IV estimation, showing it to be negligible. The 
next two equations specify the first stage for investigating the effect of the share of 
opposite gender friends:

(2)   ​   ​O​is​​  = ​ α​0​​ ​F​ i​​ + ​β​0​​ ​X​is​​ + ​γ​ 0​​ ​ 
​∑ j∈J20​ ​​ w(​D​ijs​​)​O​ijs​​  _____________  
​∑ j∈J20​ ​​ w(​D​ijs​​)

 ​  + ​δ​0​​ ​D​g​​ + ​θ​0​​ ​D​s​​ + ​ν​ igs​​​

(3)	​ w(​D​ijs​​)  = ​  3 _ 
4
 ​​(1 − ​​(​ 

​D​ijs​​ ____ ​D​ J20is​​
 ​)​​​ 

2

​)​​.

The causal parameter of interest ​γ​ in equation (1) is identified if the gender 
composition of an individual’s close neighborhood is restricted to affect academic 
performance only through the gender composition of the individual’s friendship net-
work.9 Two arguments support this claim.

First, the gender of an individual’s neighbor is very likely random. Essentially, 
parents do not choose the locations of their homes based on the gender of school-go-
ing neighbors. The parent component of Add Health includes a question asking the 
parent their motivation for their residential locational choice, and there is no evi-
dence of neighborhood gender composition playing a role. The full distribution and 
frequency of reported motivations is provided in the online Appendix. I investigate 
potential correlation with observables in the online Appendix by performing balance 
tests in which the instrument is regressed on a set of individual and background 
characteristics, showing no systematic effect.10

Second, I define the friendship network as a set of all ties rather than just strong 
friendships.11 Neighbors may exert influence without being strong friends, but are 
likely to be included in a weak friendship network (that includes both strong and 
weak ties). Two individuals are defined as friends if either nominated the other indi-
vidual 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.) Importantly, this may also include romantic rela-
tionships, which cannot be distinguished from other friendships in the observed 

9 In 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 neighbors is unlikely to 
decrease their share of opposite gender friends. 

10 Angrist and Evans (1998) exploit the fact that girls are more likely than boys to come from larger families, 
particularly for lower income families. This phenomenon is not found in these data, but conditioning on exten-
sive controls for family structure nonetheless ensure that potential biases arising through this channel are likely 
alleviated. 

11 Granovetter (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, Rainone, and Zenou (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. Results using only strong (reciprocated) friends are reported in the online Appendix with 
the caveat that this imposes a stricter exclusion restriction. 
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network, but are subsequently shown to be a candidate mechanism for the effect.12 
An alternative way of thinking about this would be defining the weak friendship 
network as the set of schoolmates with whom friend-like social interactions occur, 
and interpreting the friendship network in the data as a proxy for this network.13

There are three primary threats to identification. The first is that the gender of 
schoolmates in the close neighborhood may affect another dimension of an individ-
ual’s friendship network, and this other dimension of the friendship network may 
affect achievement. Two primary candidates are friendship network age composi-
tion and number of friends. For example, a male with only female schoolmates in 
the close neighborhood may be more likely to befriend older (or younger) teenagers 
in the neighborhood, as well as have fewer friends, both of which may affect school 
performance. These hypotheses are challenged by the finding that the gender com-
position of close neighbors does not affect the age composition of school friends 
or the matched number of friends both in the combined sample and separately for 
males and females.

The second concern is that the gender composition of the close neighborhood may 
affect the friendship nomination process. For example, low-performing individuals 
may disproportionately nominate opposite gender neighbors as friends (perhaps to 
appear more popular) without them actually 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 online 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 net-
work is uncorrelated with the gender composition of the close neighborhood.

The final concern is that neighborhood gender composition is constructed from 
students attending the sampled school rather than all students in the neighborhood. 
There may be specific circumstances in which gender differences in the probabili-
ties with which neighborhood students attend the sampled school affect the gender 
composition of same-school neighbors. For example, the sampled school may be 
close to a private boy’s school that enrolls boys from the wealthier neighborhoods 
feeding the sampled school. This would result in boys and girls from this neigh-
borhood attending the sampled school having higher and lower shares of opposite 
gender same-school neighbors, respectively. At the same time, these students are 
likely to outperform students from other neighborhoods due to their greater family 
incomes, generating correlation between the gender composition of same-school 
neighbors and academic achievement that is unrelated to friendship network gender 
composition. Results contest this hypothesis. As is evident in the above example, 
effects operating through this channel necessarily affect males and females in oppo-
site directions; this paper finds that both males and females are negatively affected 
by opposite gender same-school neighbors. Furthermore, the empirical specification 

12 Nominations to individuals residing at the same address are excluded to remove potential sibling gender 
effects. 

13 Same-school neighbors are not required to be (at least) weak friends for the empirical strategy to be valid; 
validity just requires that neighbor’s gender be orthogonal to achievement if they are not friends. 
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includes a full set of individual and background characteristics (particularly house-
hold income), so any potential biases of this form would need to be generated by 
unobservable characteristics. And, finally, the online Appendix reports that esti-
mates in rural schools are larger in magnitude than estimates in suburban schools, 
and given this form of bias is likely limited to suburban schools, it may actually 
attenuate rather than amplify estimated effects.

Note for exposition that the instrument would be invalid for investigating the race 
composition of high school friendship networks. This is because race and neighbor-
hood characteristics are not independent. An individual with mostly black same-
school neighbors may differ along a number of dimensions to another individual in 
the same school with mostly white neighbors, even if they share the same observable 
characteristics.

The negative effect of opposite gender friends on education production may 
arise from a variety of (nonexclusive) sources. Equation 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:14

(4)      ​​W​ m, is​​  = ​ α​m​​ ​F​ i​​ + ​β​m​​ ​X​is​​ + ​γ​ m​​ ​O​is​​ + ​δ​m​​ ​D​g​​ + ​θ​m​​ ​D​s​​ + ​η​m, igs​​ 

 	   for m  =  1,  … , M​

(5)	​ ​Y​ igs​​  = ​ α​S​​ ​F​ i​​ + ​β​S​​ ​X​i​​ + ​ ∑ 
m=1

​ 
M

  ​​ ​γ​ S, m​​ ​W​ m, is​​ + ​δ​S​​ ​D​g​​ + ​θ​S​​ ​D​s​​ + ​ϕ​igs​​​.

Using the instrument for the share of opposite gender friends in equation (4) 
identifies the parameter ​​γ​ m​​​ , the effect of peer gender composition on the candidate 
mechanism ​​W​ m​​​. Evidence that ​​γ​ m​​  ≠  0​ (gender composition affects the mecha-
nism) and ​​γ​ S, m​​  ≠  0​ (the mechanism affects achievement) indicates an operating 
mechanism ​​W​ m​​​ , while ​​γ​ m​​  =  0​ rejects a candidate mechanism for the peer gender 
composition effect (although the mechanism could still affect achievement). The 
parameters ​​γ​ S, m​​​ cannot be identified without additional exclusion restrictions (we 
cannot identify the direct effects of the mechanisms on academic outcomes), so ​​
γ​ S, m​​  ≠  0​ is inferred from non-causal correlations or taken from existing empirical 
literature. A series of equations taking the form of equation (4) are estimated to 
investigate the set of mechanisms that may be in operation.

Friendship networks cannot be directly regulated, but policy instruments may 
be available to act on the channels through which friendship composition effects 
operate. For example, opposite gender friends exerting negative classroom spill-
overs but no negative effect outside the classroom would suggest a potential benefit 

14 The parameter of interest in the primary specification ​γ  = ​ ∑ m=1, … , M​ ​​ ​γ​ S, m​​ ​γ​ m​​​ , the effect of the share of 
opposite gender gender friends on achievement, is obtained by summing 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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from single-sex classrooms in mixed gender schools. Understanding the mecha-
nisms may also inform out-of-sample predictions. The effects of manipulating peer 
gender 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, Sacerdote, and West (2013) of reduced-form peer effects 
estimates not informing out-of-sample predictions.

This paper broadly groups candidate mechanisms into those operating within 
and outside the classroom. First, opposite gender friends may reduce the quality of 
classroom inputs in the education production function. Abstracting away from the 
friendship formation process, consider a model in which maintaining (the utility 
associated with) friendships requires regular interactions. Outside of the classroom, 
high school students typically engage in a range of gender-specific activities.15 These 
activities provide ample opportunities for the same gender interactions that charac-
terize and maintain same gender friendships. The mixed gender classroom provides 
a relatively scarce opportunity for interactions with opposite gender friends. As a 
result, individuals in class may distract or be distracted by opposite gender friends 
more than same gender friends, reducing the quality of classroom inputs for individ-
uals with a greater share of opposite gender friends.

Second, the incentives faced by students outside the classroom may be affected 
by the gender composition of their friends, and any resulting changes in behavior 
may have spillover effects on school performance. For example, higher shares of 
opposite gender friends may increase the returns to leisure and therefore increase 
the time spent socializing at the expense of studying.

The evidence in the empirical section provides some support for the first set of 
mechanisms over the second set of mechanisms, although these are somewhat nois-
ily estimated. Romantic relationships are also shown to play a potential role.

II.  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 nation-
ally representative sample of US adolescents who were in grades 7 to 12 during 
the 1994 –1995 school year. The selected schools were representative of the United 
States with respect to region of country, urbanicity, size, type, and ethnicity. The 
core 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.

15 Fuligni and Stevenson (1995) and Gager, Cooney, and Call (1999) document typical time use of American 
teenagers in the 1990s. Fuligni and Stevenson (1995) 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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A. Distance and Friendship

There are two aspects of the Add Health study of particular importance: spatial 
locations and friendship networks. The Euclidean distance between individuals’ 
homes can be calculated from spatial locations recorded in the data. These loca-
tions are reported in terms of X- and Y-coordinates for each individual in a school 
relative to an arbitrary origin. Figure 1 provides an example of the spatial distribu-
tion of individuals within a school. This figure highlights the identification strategy. 
The friendship network for an arbitrarily chosen female individual in the school is 
shown in gray. Her nearest 20 schoolmates are circled. The gender composition of 
the individual’s friendship network is instrumented by the distance-weighted gender 
composition of the circled individuals. Six of the selected individual’s 11 friends are 
included in the set of the 20 nearest neighbors; the proportion of matched friends 
within the 20 nearest neighbors is larger than the proportion of matched friends out-
side the nearest 20 neighbors, 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.16 Individuals could leave nominations blank, but could not exceed 
the limit of five nominations per gender. These nominations were matched to other 

16 Some 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 are reported in the online Appendix and show that restricting the number 
of nominations does not affect the primary conclusions of the paper. 
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individuals in the same school using school rosters. Sixty-eight percent of friendship 
nominations by individuals in the sample are matched. Unmatched nominations typ-
ically arise from two sources: nominations to individuals in another school or nom-
inations 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.

This paper primarily defines any nomination or receipt of nomination as a 
friendship, generating a network of (at least) weak friendships. The subsequent 
subsection also describes the characteristics of strong friendship networks in 
which reciprocated nominations generate friendships for comparison purposes. 
Each friendship nomination generates a dyadic pair. Table 1 describes the inter-
actions of the 13,142 friendship pairs generated by matched nominations in the 
analyzed sample. Reciprocated nominations appear as two observations in these 
data, but the reported interactions may differ as they depend on the response of the 
surveyed individual. The first row of the table provides simple evidence that dis-
tance is a significant determinant of friendship. The mean distance between friends 

Table 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

Notes: Reciprocated nominations appear twice in these data. Standard deviations in parenthe-
ses. Standard errors in square brackets.
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in a school is significantly smaller than the mean distance between two randomly 
drawn individuals in a school.17

Males nominate a higher share of opposite gender friends than females. Slightly 
fewer than 40 percent of friendship pairs go to each other’s home, about half meet 
after school, and over 40 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 nomi-
nated by females. The most common activity among friendship pairs is talking on 
the phone, which occurs in about 60 percent of friendships in the data.

Table 2 provides evidence that the distance between individuals affects the inten-
sity of their social interactions. This table reports results from regressing 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 nomi-
nated friend, and a vector of individual characteristics.18

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 the costs of this 
activity being independent of spatial proximity. 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 interac-
tions are less likely with opposite gender friends. Given that interactions are more 
probable with close neighbors, 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 neighbors will affect an individual’s weekly 
interactions in a meaningful manner.

B. Descriptive Statistics

The Add Health Wave 1 dataset samples 20,769 individuals from 80 schools.19 
Individuals without core demographic information, GPA scores and spatial loca-
tions are dropped. The gender composition of an individual’s friendship is only 
well-defined when the individual has at least one friend. Individuals with no matched 
friends are therefore dropped from the data. Finally, 4 schools in which fewer than 

17 This comparison does not control for characteristics that may be correlated with the distance between individ-
uals, 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 (2006) conditions on several observable characteristics including race. 

18 This 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. 

19 About half of the 80 schools are school pairs. School pairs are created to represent one school when the sam-
pled 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. 
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20 students remain in the sample after this process are also dropped. This leaves a 
final sample of 8,435 individuals from 76 schools.20

Descriptive statistics of the key variables used in the paper are reported in 
Table 3. The primary outcome variable considered in the paper is an overall mean 
of self-reported grades across four subjects: English, mathematics, science, and his-
tory. 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 
nonmissing subject grades for each individual. It is 2.8 for the full sample, and 2.7 
and 2.9 for males and females, respectively.

20 The sample includes two Catholic schools and five private schools. Individuals with no matched friends who 
are dropped from the analysis are not statistically different along observable dimensions from included individuals. 
See the online Appendix for the distribution of observations by school. 

Table 2—OLS Estimates of Friend Interactions on Distance

Dyadic data: all nominations

Go to friend’s
house
(1)

Meet after
school

(2)

Spend time
during weekend

(3)

Talk about a
problem

(4)

Talk on
phone
(5)

Distance quantiles and interactions
  Omitted category: Large distance between friends
    Small distance between 0.26*** 0.11*** 0.14*** 0.01 0.05**
      friends (0.02) (0.02) (0.02) (0.02) (0.02)
    Medium distance between 0.08*** 0.01 0.03 −0.00 0.05**
      friends (0.02) (0.02) (0.02) (0.02) (0.02)

  Female × small distance −0.05** −0.00 −0.01 −0.02 −0.05**
(0.03) (0.03) (0.03) (0.03) (0.03)

  Female × 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 × −0.10*** −0.03 −0.06** −0.00 −0.03
    small distance (0.03) (0.03) (0.03) (0.03) (0.03)
  Opposite gender friend × −0.02 0.02 −0.01 0.04 −0.01
    medium distance (0.03) (0.03) (0.03) (0.03) (0.03)
  Female × opposite gender 0.01 −0.03 0.01 0.01 0.06
    friend × small (0.04) (0.04) (0.04) (0.04) (0.04)
  Female × opposite gender −0.01 −0.05 −0.00 −0.07* −0.00
    friend × medium (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 × opposite gender 0.01 0.03 0.03 −0.18*** −0.16***
    friend (0.03) (0.03) (0.03) (0.03) (0.03)

Observations 13,141 13,141 13,140 13,140 13,140
R 2 0.14 0.10 0.09 0.13 0.09

*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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Figure 2 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 centered 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, Oreopoulos, and Phipps (2013) and Bertrand and Pan (2013).

Table 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 behavioral 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 behavior
  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 0.26 0.26 0.25
    30 days (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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The next set of variables describes the gender composition of high school friend-
ship networks. Recall that individuals must be linked to at least one other individual 
to be included in the data. The mean share of opposite gender friends is 0.38 in the 
weak friendship network. This confirms the tendency toward nominating friends of 
the same gender. I plot the distribution of the mean share of opposite gender friends 
in Figure 3. 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 1 and 0 in the full sample because about 60 percent of the sample were 
only matched to same-gender friends or were only matched to one friend. The dis-
tribution for those with at least 2 matched 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.21

The share of opposite gender friends in strong friendship networks (defined by 
reciprocated nominations) is 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.

The instrument is based on the distance-weighted gender composition of each 
individual’s nearest twenty school-going neighbors. The next row of Table 3 shows 
that the mean share of opposite gender close neighbors (in the same school) 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 con-
cern that all individuals may have a similar share of male and female schoolmates 
in their close neighborhoods. Under this scenario, even if distance were a significant 

21 The online Appendix reports estimation results for the restricted samples in which at least two friends are 
matched and at least 75 percent of nominations are matched, respectively. Results are similar to those for the full 
sample. 
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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 20 neighbors for the full sample, as well as by gender, is plotted in Figure 4, 
confirming variation in neighborhood gender composition. The interquartile range 
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(using within-school variation) is 0.2; half the sample have opposite gender friend 
shares less than 0.4 or greater than 0.6.

Second, the distribution of the share of opposite gender neighbors can be tested 
for being consistent with a data-generating process in which location decisions are 
independent of the gender composition of the close neighborhood. We perform a 
Kolmogorov-Smirnov test for equality of distributions on the observed measure of 
neighborhood gender composition and a constructed pseudo-measure of neighbor-
hood gender composition in which gender is randomly reassigned to households 
using even or odd birth months. The null hypothesis of equality of distributions can-
not be rejected, supporting the claim that location decisions and the neighborhood 
gender composition are orthogonal.

The Add Health contains a wealth of information on student behaviors and non-
school outcomes. The variables considered in this part of the analysis represent the 
two major domains through which friendship network gender composition effects 
are thought to operate: within and outside the classroom. The within-classroom vari-
ables are the full set of variables from the Academics and Education component of 
the study that relate to the recent classroom experience. The variables describing the 
social and home behaviors of students are considered representative of a broader 
set of behaviors, and are reported with the caveat that there may be other social and 
home behaviors for which effects may differ.

Self-reported measures describing the extent to which individuals have behav-
ioral troubles at school are used to provide some support for the hypothesis that the 
effects identified in this paper may be operating within the classroom. I convert ordi-
nal scales for these variables to numerical scales by assigning zeroes to responses of 
“Never” and fours to responses of “Every 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 
classroom. They are infrequently reported. Considering behaviors outside the class-
room, males are more likely to report trouble completing homework and interacting 
with other students.

Effects may also operate through social activities outside the classroom. An 
individual’s share of opposite gender friends may affect his or her popularity and 
probability of being in a romantic relationship, both of which may affect academic 
achievement. The number of friends’ variable in Table 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 matched 
friends in their weak friendship networks. 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 due to both imposing a maxi-
mum number of nominations and some nominations being unmatched.22 The com-
position measure used in this paper can therefore be interpreted as a proxy for the 
true gender composition of the friendship network. Over one half of the sample 

22 It is probable that unmatched nominations occur more frequently within schools in which individuals were 
less likely to be sampled. Results in which the sample is limited to the set of schools in which all individuals were 
sampled reveal the same pattern of effects as those reported in this paper. 
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report being in a relationship in the last 18 months. Females are more likely to report 
a previous romantic relationship.23

An individual’s friendship network may also affect smoking and drinking behav-
ior (see, for example, Clark and Lohéac 2007), and smoking and drinking may 
directly or indirectly 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 
behavior. Various other measures of smoking and drinking behavior were also con-
sidered; 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 col-
lege, 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. This is a 
selected sample as out of the 20,769 respondents from Wave 1, only 15,701 con-
sented to the Wave 4 interview. Descriptive statistics indicate that this is a relatively 
advantaged population. Ninety-five percent of the sample graduates high school 
(compared to the national average of around 70 percent) and 68 percent of the sam-
ple completes at least 1 year of post-secondary education, the definition of attending 
college used in this paper. A degree of caution should therefore be exercised when 
generalizing the long-term results. 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 the online Appendix provide infor-
mation on the composition of the sample. Just over half the sample is white and 
one-fifth of the sample is black.24 Ninety percent of the sample is born in the United 
States and the mean age is 16, corresponding approximately to the tenth grade. I 
also report the means of all other control variables, including parent characteristics, 
home language, household income, family structure, and grade repetition.25

III.  Results

Opposite gender friends are shown to have a negative effect on high school per-
formance. Subsequent results explore whether the effect differs by gender, across 
school subjects, and by age. Finally, results investigating the mechanisms through 

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

24 The 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. Results are generally insensitive to the 
inclusion of sample weights at the estimation stage, although they do affect the precision of some of the estimates. 

25 Grade repetition controls are included throughout the paper to control for potential differences in friendship net-
work formation and effects for repeating students. Results are similar if these students are excluded from the analysis. 
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which peer gender composition affects achievement are reported. Errors are clus-
tered at the school level throughout the analysis.26

A. Effect of Share of Opposite Gender Friends on GPA

The first and third columns of Table 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 third column reports 
results from the model that includes a gender interaction on the explanatory variable 
of interest. Results in these columns show that males with a higher share of oppo-
site gender friends are associated with better school performance (coefficient of 

26 This 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 similar. 

Table 4—OLS Estimates of GPA on Gender Composition of  
Schoolmates and Close Neighbors

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

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

School friends
  Share opposite gender: all 0.07***

(0.02)
  Share opposite gender: males 0.11***

(0.03)
  Share opposite gender: femalesb 0.03

(0.02)
Nearest 20 schoolmates
  Share opposite gender: all −0.13**

(0.06)
  Share opposite gender: males −0.08

(0.09)
  Share opposite gender: femalesb −0.18**

(0.08)
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

Observations 8,435 8,435 8,435 8,435
R 2 0.24 0.24 0.23 0.23

Notes: Indicator variables for school in saturated sample and period of interview included. 
Robust standard errors clustered by school in parentheses.

a Other controls include individual demographics, parent demographics and education, 
household income, and family structure.

b Estimate obtained by summing share opposite gender and female × share opposite gen-
der coefficients. 

*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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0.11***), while the correlation for females is close to zero (0.03). 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 second and fourth columns of Table 4 report the direct effect of the instru-
ment on academic achievement. These estimates have a causal interpretation because 
the gender composition of same-school neighbors is considered exogenous. The 
estimated coefficient of ​−0.13**​ confirms that an increase in the share of opposite 
gender schoolmates in the close neighborhood reduces school performance.27 The 
fourth column shows that the sign of the effect does not differ by gender, justifying 
the statistically more powerful gender-symmetric model, but it does suggest that the 
effect is driven by females (​−0.18**​ for females compared to ​−0.08​ for males). 
This paper argues that these effects are operating through weak friendship networks.

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

The primary causal estimates from the instrumental variable (IV) specification 
are reported in Table 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, confirming 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 interval (Schneeweis 
and Zweimüller 2012). The first-stage coefficients are precise with reasonably sized 
F-statistics across specifications. The weak IV-robust confidence intervals allow 
potential nonnormality in GMM statistics arising from weak identification (as 
discussed in Stock, Wright, and Yogo 2002). Andrews and Stock (2005) advocate 
inference based on this confidence interval given its robustness 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 controls 
(first column; ​−0.84*​) and with controls (second column; ​−1.05**​). The point esti-
mate in the second column is negative and significant, and the corresponding weak 
IV-robust confidence interval does not include zero. Given the standard deviations 
of the share of opposite gender friends and mean GPA are 0.4 and 0.8, respectively, 
the estimate of −1.0 means that a 1 standard deviation increase (0.4) in the opposite 
gender friend share causes a half standard deviation decline (−0.4) in GPA. Although 

27 This 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 (0.055) reported in the table, confirming that the observed pattern is not unique to individuals 
matched to at least one friend. 
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the point estimate suggests a moderate to large effect, the relatively wide confidence 
interval [−2.6, −0.2] includes effects that could be interpreted as small in magnitude.

The IV estimates are consistently of the opposite sign to the (positive) OLS esti-
mates, as well as being larger in magnitude. Individuals with large shares of oppo-
site gender friends are positively selected in terms of academic achievement. This 
is consistent with the above hypothesis in which motivated parents promote both 
co-educational extramural activities and school performance. It may also reflect 
high-achieving students having higher statuses in school and receiving greater shares 
of friendships nominations from opposite gender schoolmates. There are many alter-
native hypotheses that would also yield this pattern of selection. The extent of the 
selection problem make the difference in sign (and magnitude) between the IV and 
OLS estimates unsurprising; the partial correlation and causal estimates measure 
very different things in this context. Overall, the OLS-IV difference confirms the 
importance of an empirical strategy to overcome the endogeneity bias when mea-
suring the effects of friendship network gender composition.

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 

Table 5—IV Estimates of GPA on Gender Composition of High School Friendship Networks

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

Math and
science GPA

English and
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 percent CI [−2.3, 0.1] [−2.6, −0.2] [−4.0, −0.5] [−2.1, 0.3]
First-stage coefficientsa

  Share opposite gender in close
    neighborhood 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 effectsb

(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

Observations 8,435 8,435 8,169 8,410

Notes: Full set of controls from Table 4 included. Robust standard errors clustered by school in parentheses.
a Each coefficient is from the corresponding first-stage regression for that column. 
b These models include interaction female × share opposite gender, so female estimate obtained by summing 

share opposite gender and female × share opposite gender coefficients. 
*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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around three times larger than the effect for males (with the caveat that a lack of 
power prevents statistically distinguishing these estimates).28

This paper finds that it is whether school friends are the same or opposite gender 
rather than male or female that matters for school performance, which distinguishes 
it from the grade composition literature that generally finds that the share of female 
schoolmates is positively related to achievement. Despite the relative imprecision 
of the gender-specific estimates, the null hypothesis that the effect of girls on boys 
has the same magnitude and opposite sign as the effect of boys on girls is tested and 
rejected ( p-value: 0.06), indicating that peer gender composition effects for school 
friends are different to peer gender composition effects for same-grade schoolmates.

The subject-specific results reported in the third and fourth columns of Table 5 
show that the overall effect is larger in mathematics and science (​−1.58**​) than 
English and history (−0.67).29 This is shown to be driven by the absence of an 
effect in English and history for individuals under the age of 16 in Table 6. The 
negative effect of opposite gender friends for girls in their early teenage years in 
arguably more competitive and traditionally male-dominated school subjects is 
consistent with gender socialization effects in the existing developmental psychol-
ogy and economics of education literature: adolescent females may shy away from 
competition and perform less well in mathematics in the presence of males (Niederle 

28 See the online Appendix for first stage results for the gender interaction model. Although the F-statistics on 
the excluded instruments are shown to be relatively small, an Anderson-Rubin Wald test providing weak-instrument 
robust inference indicates that the null hypothesis that the coefficients are jointly equal to zero can be rejected 
( p-value of 0.04). 

29 Subjects are grouped by type as there are some individuals with missing subject GPA scores and grouping 
increases the respective sample sizes. 

Table 6—IV Estimates of Academic Achievement by Age

Overall GPA Math and science GPA English and history GPA

 ​≤​ 16  ​>​ 16  ​≤​ 16  ​>​ 16  ​≤​ 16  ​>​ 16
(1) (2) (3) (4) (5) (6)

School friends
  Share opposite gender −0.70 −1.60** −1.39* −1.83* 0.09 −1.88*

(0.60) (0.81) (0.82) (1.01) (0.61) (1.00)
Controls
  Female 0.19*** 0.17*** 0.14*** 0.12*** 0.26*** 0.23***

(0.03) (0.03) (0.04) (0.03) (0.03) (0.03)
  Other controls x x x x x x
  School and grade fixed effects x x x x x x

First-stage coefficients
  Share opposite gender 0.14** 0.11** 0.14*** 0.09** 0.14*** 0.11***

(0.05) (0.04) (0.05) (0.04) (0.05) (0.04)
  F-stat on excluded instrument 9.15 8.85 8.76 5.94 9.07 8.82

Observations 4,142 4,293 4,133 4,036 4,134 4,276

Notes: Indicator variables for school in saturated sample and period of interview included. Robust standard errors 
clustered by school in parentheses. 

*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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and Vesterlund 2010), although, interestingly, gender differences are not found in 
a novel paper looking at competitive spelling bees (Smith 2013). The larger effects 
on females are also consistent with previous studies and the commonly held view 
that females may have more to gain from single-sex classrooms and schools (Booth, 
Cardona-Sosa, and Nolen 2013; Schneeweis and Zweimüller 2011). I present this 
interpretation with the caveat that gender-specific estimates are imprecise.

Results in Table 6 are constructed by splitting the sample at the age of 16. 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. The smaller and less precise first stage coefficients for older 
students are consistent with older students being 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.30

B. Effect of Share of Opposite Gender Friends on Potential Mechanisms

Results in Tables 7 and 8 explore possible channels through which the share of 
opposite gender friends affects school performance. Table 7 considers a set of school 
behavioral troubles and Table 8 investigates social behaviors.31

The effects on classroom behavior are of primary importance in the context of 
the single-sex education debate. There are three major channels through which sin-
gle-sex classes and schools may affect academic achievement: teachers, the general 
educational environment, and within-class student interactions are likely affected by 
and respond to classroom gender composition. Investigating how opposite gender 
friends affect individuals in the classroom provides important insight into the third 
channel.

Individuals were asked the frequencies with which they have troubles getting 
along with the teacher, paying attention in class, getting homework done and relat-
ing to other students on a five-point scale (from zero to four with four being the 
most frequent). The first row of Table 7 (OLS coefficient in GPA regression) reports 
strong negative correlations between the frequencies of these troubles and GPA 
scores. Results in the respective columns show that an increase in the share of oppo-
site 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.32 

30 The gender-specific effects are imprecisely estimated due to the smaller sample sizes and not reported for this 
set of regressions, although the pattern of larger effects for females is retained. 

31 The online Appendix reports (non-causal) OLS correlations between these variables and the share of oppo-
site gender friends. A more direct mechanism may operate through the academic ability of peers. As 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 neighborhood had no effect on 
the ability composition of friends for males and females separately, as well as the combined sample. This hypothesis 
could also only explain the negative effect for females. Males with a larger share of opposite gender (female) friends 
will, on average, have a larger share of more academically able friends. 

32 The gender composition of friends taking the same classes is 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 
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The gender-specific estimates are generally imprecise, but suggest larger estimates 
for females.

Taken together, these results suggest that an increase in the share of opposite 
gender school friends negatively affects classroom behavior. High school students 
appear to be distracted by opposite gender friends in the classroom. This may nega-
tively affect teacher-student relationships, possibly as teachers try to deal with dis-
tracted students, and may also reduce the quality of interactions with other students.

The set of mechanisms in Table 8 relate to effects most likely occurring outside 
the classroom. These effects are less likely to be directly affected by reorganizing 
classroom gender composition, but may be indirectly affected to the extent that sin-
gle-sex classes and schools affect friendship network composition. An absence of 
opposite gender classmates may reduce the share of opposite gender friends, which 
would affect mechanisms operating both within and outside the classroom. The 

of shared courses with schoolmates was available. This supports using the measure of gender composition based on 
all friends when investigating friendship network gender composition effects inside the classroom. More data would 
be required to precisely estimate and separate the effects of class-specific and general school friends. 

Table 7—IV Estimates of Potential Mechanism–School and Classroom Behaviors

Trouble
getting

along with
teacher

Trouble
paying

attention
in class

Trouble
getting

homework
done

Trouble
with other
students

OLS coefficient in GPA −0.10*** −0.06*** −0.15*** 0.02
  regressiona (0.01) (0.01) (0.01) (0.01)

Gender-symmetric effects

(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

Gender-specific effects

(5) (6) (7) (8)

School friends
  Share opposite gender: males 1.50 0.02 0.79 −0.17

(1.50) (1.22) (1.11) (1.17)
  Share opposite gender: females 0.91 2.66* 1.47 1.64

(1.07) (1.55) (1.74) (1.19)

Observations 8,493 8,492 8,491 8,491

Notes: Indicator variables for school in saturated sample and period of interview included. 
Robust standard errors clustered by school in parentheses.

a Estimates in this row from OLS regression of GPA on potential mechanisms.
*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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selected variables correspond to popularity (number of friends), romantic relation-
ships, and smoking and drinking behavior. They are intended to reflect a broad set of 
social behaviors that parents and teachers consider important rather than a complete 
analysis of all potential channels.

The only significant gender composition effect among this set of mechanisms 
operates through the probability of being in a romantic relationship (​0.89**​). 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. High school 
romantic relationships may reduce both the quality and quantity of homework and 
studying if students spend time with their romantic partners, as well as be distracting 
in the classroom. The direct effect of romantic relationships on achievement cannot 
be separately identified without an additional exclusion restriction.33 This finding is 
also presented with the caveat that reorganizing classroom gender composition may 
have a limited effect on the probability of being in a romantic relationship, which is 
important when relating it to the single-sex education debate.

33 The existing literature finds a correlation but cannot make a strong case for a causal relationship between 
romantic relationships or sexual activity and high school achievement (Halpern et al. 2000; Sabia 2007). 

Table 8—IV Estimates of Potential Mechanism–Social and Home Behaviors

Number
of friends

Relationship
in past

18 months

Smoked in
past

30 days
Drunk in
past year

OLS coefficient in 0.02*** 0.00 −0.29*** −0.13***
  GPA regressiona (0.01) (0.01) (0.03) (0.02)

Gender-symmetric effects

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

(1.13) (0.38) (0.28) (0.26)
Controls
  Female −0.03 0.05*** −0.00 −0.04***

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

Gender-specific effects

(5) (6) (7) (8)

School friends
  Share opposite gender: males −0.64 1.24* −0.04 0.68

(1.43) (0.69) (0.55) (0.50)
  Share opposite gender: females −2.96 0.49 −0.12 −0.09

(2.89) (0.72) (0.55) (0.48)

Observations 8,497 8,416 8,440 8,483

Notes: Indicator variables for school in saturated sample and period of interview included. 
Robust standard errors clustered by school in parentheses.

a Estimates in this row from OLS regression of GPA on potential mechanisms.
*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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Interestingly, I show that an individual’s share of opposite gender friends has no 
clear effect on smoking and drinking, which are intended to reflect nonschool social-
izing and risk-taking. There is no evidence that opposite gender friends encourage 
potentially detrimental “cool” behavior.

The gender-specific effects for social behaviors are imprecisely estimated.
The sample is split by age to investigate differences in the mechanism for younger 

and older students. Results in Table 9 provide further analysis of the three potential 
mechanisms for which precise estimates were obtained. The increased troubles in 
the classroom and probability of being in a romantic relationship are strongly evi-
dent 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 (such as females shying away 
from competition) rather than any of the direct effects considered here.

C. Long-Term Effects and Robustness of Empirical Strategy

Results in Table 10 consider the effect on four long-term outcomes of interest: 
subsequent-year GPA scores, graduated high school, attended college, and ever mar-
ried.34 These outcomes are measured in Wave 4 of the Add Health study conducted 

34 The gender composition of an individual’s friendship network is likely to fluctuate during high school as indi-
viduals move in and out of friendship 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 interview (conducted on a subset of individuals at each school). The correlations between 
the friendship network gender compositions are positive and significant, varying between 0.3 and 0.5. This cor-
relation confirms the presence of an enduring component in peer gender composition, suggesting the potential for 

Table 9—IV Estimates of Selected Mechanisms by Age

Trouble getting  
along with teacher

Trouble paying  
attention in class

Relationship in  
past 18 months

 ​≤​ 16  ​>​ 16  ​≤​ 16  ​>​ 16  ​≤​ 16  ​>​ 16
(1) (2) (3) (4) (5) (6)

School friends
  Share opposite gender 0.76 1.60** 0.36 2.41** 0.09 1.89***

(0.95) (0.77) (0.79) (1.11) (0.47) (0.66)
Controls
  Female −0.19*** −0.18*** −0.12*** −0.14*** 0.03 0.07**

(0.04) (0.03) (0.03) (0.04) (0.02) (0.03)
  Other controls x x x x x x
  School and grade fixed effects x x x x x x
Dependent variable
  Mean 0.94 0.74 1.19 1.27 0.46 0.65
  [standard deviation] [0.99] [0.89] [1.00] [1.03] [0.50] [0.48]

Observations 4,141 4,293 4,141 4,292 4,133 4,283

Notes: Indicator variables for school in saturated sample and period of interview included. Robust standard errors 
clustered by school in parentheses.

*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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in 2008; the sample is substantially smaller due to attrition. Estimates suggest an 
imprecise, negative effect of the opposite gender share of friends on the three aca-
demic 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.

Turning to the robustness of the empirical strategy, Figure 5 plots the mean share 
of opposite gender close neighbors for four categories of mother’s and father’ edu-
cation, as well as annual household income. The absence of a systematic pattern in 
the gender composition of close neighbors provides evidence that the instrument is 
balanced across observables. Plots for the share of white same-school neighbors are 
included for comparison. As expected, the share of white same-school neighbors is 
correlated with socioeconomic indicators, indicating that it could not be interpreted 
as a random treatment. An additional balance test is performed by predicting GPA 
from the full set of observables, and running the IV regression on predicted rather 
than actual GPA. Given that the share of opposite gender close neighbors should be 
uncorrelated with observables, the component of opposite gender friends predicted 
by opposite gender close neighbors should also be uncorrelated with the component 
of GPA predicted by the observables. The estimated coefficient is −0.02 (0.34), 
providing further support for the exogeneity of the instrument. I report and discuss 
further robustness checks in the online Appendix. These show that the pattern of 
results is not affected by the functional form of the instrument, the school-specific 
nomination process or the chosen definition of friendship.

long run effects. Wave 1 friendship nominations generate the opposite gender friend shares used in this paper as 
outcomes and spatial locations are obtained from this wave. 

Table 10—IV Estimates of Long-term Effects of Peer Gender Composition

Subsequent
year GPA

(1)

Graduated
high school

(2)

Attended
college

(3)

Ever
married

(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

Notes: Indicator variables for school in saturated sample and period of interview included. 
Robust standard errors clustered by school in parentheses.

*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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IV.  Conclusion

This paper provides new evidence on the impact of the gender composition of 
school friends: an increase in the share of opposite gender school friends causes a 
reduction in high school academic achievement. Part of this effect seems to operate 
through changes in classroom behavior such as increased troubles getting along 
with the teacher and paying attention in class. Opposite gender school friends also 
increase the probability of being in a romantic relationship, which may be another 
mechanism for the negative effect on GPA given students in relationships may both 
substitute time away from studying and be distracted in the classroom.

These results speak to the continuing debate around single-sex and mixed gen-
der education (Halpern et al. 2011; Pahlke, Hyde, and Allison 2014). Reorganizing 
classroom gender composition is a relatively low-cost policy as it need not require 
more teachers or resources. The difficulties getting along with the teacher and paying 
attention in class may be eliminated in single-sex classrooms that exclude opposite 
gender friends. The negative effects of opposite gender friends for younger students 
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are also found in mathematics and science and not in English and history, providing 
a dimension of empirical support for educators using single-sex mathematics and 
science classrooms in mixed gender schools.35
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