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Abstract

High-achieving minority students have fewer friends than their majority counterparts. Ex-
ploring patterns of friendship formation in Add Health data, we find strong racial and
achievement homophily, but achievement plays a smaller role in cross-racial ties. Conse-
quently, high-achieving Black students lose Black friends as they move away from their
group’s mean achievement and do not gain high-achieving White friends in offsetting fash-
ion. We find that their fewer friends stem primarily from limited exposure to high-achieving
same-race peers. Using causal estimates of the returns to friendship, we show that this gap
could explain a meaningful share of the early-adult racial earnings gap.
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1 Introduction

Having friends in school is of critical importance for adolescents’ well-being and long-term
outcomes. A substantial body of research has shown that peer relationships during adolescence
affect educational attainment, socioemotional development, and later labor market success
(Anelli and Peri 2019; Badev 2021; Bifulco, Fletcher, and Ross 2011; Calv-Armengol, Patac-
chini, and Zenou 2009; Carrell, Hoekstra, and Kuka 2018; Imberman, Kugler, and Sacerdote
2012; Nakajima 2007). Recent works by Chetty et al. (2022a, 2022b) emphasize that friendships
can also influence intergenerational mobility, with access to high-socioeconomic-status peers
increasing the likelihood of upward mobility. These findings underscore that friendships are not
just socially enriching—they are also economically consequential.

However, the opportunity to form friendships is not equally distributed. Structural segregation
by race and socioeconomic status limits many minority students’ access to peers from higher
socioeconomic or academic backgrounds (Ananat 2011; Angrist and Lang 2004; Cutler and
Glaeser 1997). Even within integrated schools, a persistent “friending bias” remains, wherein
individuals tend to form relationships with peers of the same race or social background (Mayer
and Puller 2008; McPherson, Smith-Lovin, and Cook 2001; Mele 2020). These patterns suggest
that social capital is often stratified along the same lines as other forms of inequality, contributing
to persistent disparities in educational and economic outcomes despite efforts at desegregation
(Chetty et al. 2022a; Michelman, Price, and Zimmerman 2022).

In this paper, we examine one underexplored dimension of this stratification: the racial
gap in the number of friends among high-achieving students (Currarini, Jackson, and Pin
2010; Marsden 1987). We document that Black students, especially those with high academic
achievement, tend to have fewer friends than their White peers. For instance, among students
with GPAs of 3.75 or higher, the average friendship gap is about one friend, which represents
roughly 30% of the average number of friends among Black students in that GPA range in the
Add Health data (Figure 1). Some previous studies have interpreted this pattern through the lens
of social penalties for academic success—often described as “acting White” (Fryer Jr and Torelli

2010)—where high-achieving Black students are rejected by their peers. While this explanation



emphasizes cultural aspects and peer norms, we argue that it overlooks a structural feature of
the school environment: limited exposure to similar peers.

Using detailed social-network data from the National Longitudinal Study of Adolescent to
Adult Health (Add Health), we explore how friendship formation is influenced by both academic
achievement and race. We construct a dyadic dataset of all possible student pairs within schools
and estimate the likelihood of friendship formation as a function of racial and academic similarity.
We find strong evidence of homophily in both dimensions—students are significantly more likely
to form friendships with others who are similar in race and achievement, in line with previous
studies (Currarini, Jackson, and Pin 2009; Flashman 2012a; Mele 2020; Smirnov and Thurner
2017). The probability of friendship formation is around one percent for both White—White and
Black—Black pairs among all possible student pairs in a school, compared to just a quarter of
that for Black—White pairs. Additionally, a one-point increase in GPA difference within a pair
is associated with a 0.16 percentage point decrease in the likelihood of forming a friendship.
However, achievement homophily is much weaker across racial groups. This pattern means that
as Black students deviate from their group’s average GPA—by becoming high achievers—they
tend to lose same-race friends but do not gain high-achieving friends from other racial groups.
This asymmetry results in a net loss of social connections for high-achieving Black students.

Based on estimates from the dyadic regression and the student composition in each school,
we conduct a counterfactual analysis to examine how the racial gap in friendships among high-
achieving students changes as school composition shifts relative to low-achieving students. We
first equalize the proportion of Black and White students in each school (level effects), and then
adjust the GPA distribution of Black students to match that of White students (composition
effects). We find that level effects play the larger role in explaining the friendship gap, as
equalizing racial proportions substantially alters the peer composition within schools. When
both level and composition effects are incorporated, the friendship gap (White minus Black)
among high-achieving students shrinks from 1.05 to 0.07 for high-achieving friends, and from -
0.26 to -0.15 for low-achieving friends. In total, equalizing both the number and GPA distribution
of Black and White students reduces the friendship gap for high-achieving students by 0.87,

which corresponds to 22 percent of their total number of friends.



Lastly, we assess the extent to which the Black—White earnings gap can be attributed to
the difference in the number of friends. Our analysis focuses on a sample of individuals in
early adulthood, with an average annual income of $37,000. Within this sample, Black workers
earn 28.7% less per year than their White counterparts. Following Lleras-Muney et al. (2025),
we estimate the causal return to having one more friend using the increased likelihood of
friendship formation among students of similar age as an instrumental variable. Our estimated
returns for both Black and White individuals are broadly consistent with the range reported
by Lleras-Muney et al. (2025), which spans from 6.50% to 13.67%. Applying these returns to
our counterfactual reduction in the simulated friendship gap (0.87 fewer friends), we find that
the earnings gap would shrink from 28.7% to between 20.2% and 24.6%, corresponding to a
reduction of 14.3% to 29.6% of the original gap.

These findings show that simply being a numerical minority in school can create significant
disadvantages in adulthood, even when no discrimination is present. Reduced opportunities
to form friendships, shaped by the structure of the peer composition rather than differential
treatment, could accumulate over time and lead to substantial earnings losses later in life.

In this paper, we contribute to three strands of the literature. First, we contribute to the
literature on disparities in friendships among demographic groups, especially focusing on the
role of homophily in social networks. Previous research has examined homophily across various
dimensions, such as race and socioeconomic status (Chetty et al. 2022b; Marmaros and Sacerdote
2006; Mayer and Puller 2008; McPherson, Smith-Lovin, and Cook 2001; Mele 2020). Moreover,
Currarini, Jackson, and Pin (2009) highlight that minority groups, in general, tend to have fewer
connections. Building upon this, our study presents how homophily based on race and academic
achievement, when coupled with the distribution of majority and minority students, results in
fewer friendships for high-achieving minorities.

Our paper also contributes to the literature on peer pressure and youths’ behavior (Bursztyn,
Egorov, and Jensen 2019; Bursztyn and Jensen 2015; Coleman 1961). Particularly, Austen-
Smith and Fryer Jr (2005) and Eguia (2017) theorize that high-performing Black students induce
peer-group rejection (the acting-White hypothesis). Fryer Jr and Torelli (2010) supports the

hypothesis with empirical evidence that high-achieving Black students tend to have fewer friends



compared to their White counterparts. However, other research finds limited evidence for peer
rejection based on achievement. For example, Andrews and Swinton (2014) finds little support
for the acting White hypothesis, and sociological studies challenge the broader oppositional-
culture framework (Tyson and Lewis 2021), showing that Black students are as academically
motivated as their White peers (Diamond and Huguley 2014; Flashman 2012b; Hanselman
et al. 2014). Our contribution is to provide a structural explanation for why high-achieving
Black students have fewer friends: differences in racial composition and academic distribution,
rather than peer sanctioning.

We contribute to the literature on the racial earnings gap (Altonji and Blank 1999; Bayer and
Charles 2018; Brown 1984; Juhn, Murphy, and Pierce 1993; Lang and Lehmann 2012; Neal and
Johnson 1996), particularly due to the peers and social network (Arrow and Borzekowski 2004;
Calvo-Armengol and Jackson 2004; Holzer 1987). Building on Lleras-Muney et al. (2025),
who estimate the labor market returns to friendship networks, we show that differences in
friendship—driven by lower exposure to similar peers due to smaller group sizes and patterns of
homophily—can account for a meaningful portion of the racial earnings gap. To our knowledge,
this is the first study to quantify how racial disparities in school-based friendship networks
contribute to earnings differences in early adulthood. Moreover, our findings suggest that
high-achieving minority students may face significant disadvantages before entering the labor
market, even in the absence of direct labor market discrimination.

Our findings also carry important implications for school desegregation policies. A central
goal of such programs is to reduce racial segregation and promote equitable access to educational
opportunities by redistributing minority students across schools (Akbar et al. 2022; Ananat 2011;
Angrist and Lang 2004; Cutler and Glaeser 1997; Mele 2020). However, our results suggest
that because friendship formation is shaped by strong racial and achievement-based homophily,
simply increasing racial diversity at the school level may not reduce social segregation within
schools. In particular, high-achieving Black students transported to White-majority schools may
lose access to similarly high-achieving Black peers, and are unlikely to form compensating ties
with high-achieving White peers. This highlights the importance of considering actual peer

group composition—not just overall school diversity—when evaluating the effectiveness of



desegregation initiatives.

The remainder of this paper proceeds as follows. In Section 2, we describe the dataset in detail.
Section 3 describes the dyadic regression and presents empirical outcomes. In Section 4, we
explore the implications for racial gaps in friendships and earnings by performing counterfactual

exercises. We conclude in Section 5.

2 Data

The National Longitudinal Study of Adolescent to Adult Health (Add Health) is a nationally
representative sample of adolescents in grades 7-12 during the 1994/95 school year. The survey
consists of in-school data and in-home survey data. We use the in-school data for our analysis of
friendship formation and in-home survey data for labor market analysis. We restrict our sample
to students who reported GPA and demographic variables including race, age, and sex. To
understand the Black-White friendship formation difference, we focus on non-Hispanic Black
and non-Hispanic White students (see Table A.1 for summary statistics at the individual level).

In Figure 2 (a), we show the GPA distribution of Black and White students. We calculate
the average GPA based on English, math, history, and science as a measure of achievement.
The GPA scale ranges from 1 to 4. We find that White students constitute the majority of the
sample, at 78.9%, while Black students constitute 21.1%. In Figure 2 (b), we equalize the
proportion of Black and White students to facilitate a direct comparison of GPA distributions
between the two racial groups. Our findings reveal that White students are more likely to have
a higher GPA, while Black students tend to be more concentrated in the middle of the GPA
distribution. Specifically, the average GPA of White students is 2.9, which is higher than that of
Black students at 2.6.

The in-school data consists of information on the social network of each participant. The
survey asks students to list up to five male and five female friends. In this study, we define
friendship as a binary variable, taking the value 1 when an individual has been nominated as a

friend by another within the same school.! On average, Black and White students have 3.04 and

I Students can nominate up to five male and five female friends, allowing each student to list up to ten friends
in total. However, our measure of friendship is based on the number of nominations received, not given. For
example, in a school with 400 students, the maximum number of nominations any one student can receive is



3.80 friends, respectively.

To analyze the distribution of friendship formation and GPA differences at the pairwise level,
we generate all possible pairs of students within each school and match their individual-level
characteristics. Importantly, the pairs are directional. The friendship measure represents a
friendship nomination from student i to student j. For instance, student i can nominate student j
as a friend, but it does not necessarily mean that the nomination is reciprocated. From the pool
of potential pairs of students within each school, we categorize them into four groups based on
the racial composition: White-White, Black-Black, White-Black, and Black-White. In total, we
have 141 schools, with an average of 395 Black or White students per school. Consequently, the
overall number of potential pairs amounts to 36,183,256.

Table A.2 provides summary statistics at the pairwise level. First, it reveals that White-White
pairs constitute 73.29% of all potential pairs among White or Black students. Black-Black pairs
account for 9.91%, while both White-Black and Black-White pairs represent 8.40% each. The
average rate of friendship formation across all potential pairs is 0.51%. This means that out of
all possible pairs of students, 0.51% result in the formation of friendships. Black-Black pairs
exhibit a higher friendship-formation rate at 0.78%, while White-White pairs have a slightly
lower rate of 0.57%. Friendship-formation rates between students of different races are lower
than those within the same racial group, with rates of 0.10% for Black-White pairs and 0.13%
for White-Black pairs. Last, there is no significant difference between groups in terms of GPA
differences between pairs. The average GPA difference for all possible Black-Black pairs is 0.8,
whereas for the other types of pairs, it is 0.9.

We further restrict our sample for labor market analysis to include individuals who report
measures of cognitive skills, social skills, education level, and earnings, following Lleras-Muney
et al. (2025). Cognitive skills are assessed using the Add Health Picture Vocabulary Test
(AHPVT) score, while social skills are measured through self-reported extroversion levels.
Earnings are measured as total earnings from wages or salary in the year prior to the survey, for

respondents aged 24-34 (see Appendix A.6 for details on the variable descriptions used in the

399, since self-nomination is not allowed. Additionally, 47% of Black students listed five friends of at least
one gender, compared to 58% of White students. If this difference reflects an overall disparity in the number
of friends, and assuming racial homophily in friendship, the observed gap in friendship counts is likely to be
underestimated.



labor market analysis).

3 Friendship Formation

3.1 Empirical Strategy

We focus on analyzing patterns in the formation of friendships, with a specific emphasis on
the role of race, achievement, and the interaction between those two. In our analysis, we treat
each potential dyad of students within each school as an individual observation. This dyadic
approach enables us to examine how the probability of forming friendships differs across racial
pairs and how it changes as the difference in achievement increases between the two students.

Figure 3 illustrates how the likelihood of friendship formation varies with GPA differences
across racial pairings (Black-Black, White-White, and Black-White/W hite-Black).2 Several
patterns emerge. First, same-race pairs are more likely to form friendships. About 0.9% of
Black-Black dyads with identical GPAs form friendships, compared to 0.75% for White-White
dyads. In contrast, only about 0.2% of cross-race dyads with identical GPAs become friends.
Second, the probability of friendship formation declines as the difference in GPA increases.
This declining trend is comparable between White-White and Black-Black pairs. In other words,
GPA differences in friendship formation matter similarly for White-White and Black-Black pairs
of students. However, the difference in GPA has less significance in the formation of friendships
across different races compared to the formation within the same race.

To formally quantify these patterns, we estimate the following dyadic regression model:

Gij = 0o+ Podij + Pppdij X BiBj + Bpwdij X BiW; + Bupdij x WiB;

+ 0ppBiBj + 0, BiW; + 04, WiBj + X; T+ As + & (1)

where G;; is an indicator variable that takes the value of 1 if student i designates student j as a
friend. The variable d;; represents the difference in achievement (GPA) between students i and

Jj expressed as absolute values. The analysis includes two racial categories: Black and White,

2 Appendix A.2 provides a detailed explanation of our methodology for calculating the likelihood of friendship
formation, accompanied by an illustrative example.



denoted by B and W respectively. The directional links between students can be categorized
into four types: B;B;, BiW;, W;B;, and W;W,. For instance, the indicator B;W; indicates that
student i (the friendship sender) is Black and student j (the friendship receiver) is White. The
omitted category in the analysis i1s White-White pairs of students. The vector X;; incorporates
a set of control variables at the dyad level, such as the difference in age and the gender pair,
and individual level, including gender, age, and average GPA of senders and receivers. We also
include school fixed effects, A;. We cluster the standard errors at the school level to account for
potential dependence within schools.?

As equation (1) excludes White pairs of students, the parameter o represents the baseline
probability of friendship formation for White pairs. The remaining parameters in the o group,
namely o4y, Oy, and @, capture the deviation in the probability of forming friendships
for the respective race pairs (Black-Black, Black-White, and White-Black) compared to the
baseline probability of White pairs. Regarding the  parameters, By captures the extent to which
differences in achievement matter for White students. If B is negative, it means that White
students are less likely to list other White students as friends as the difference in achievement
increases. f, captures how much differences in achievement matter differently for Black
students listing Black students as friends, compared to White students listing White students.
Additionally, if there is racial asymmetry in how differences in achievement matter for friendship

formation, the estimates of f3,,, and B,,, will differ.

3.2 Results

Table 1 presents the results of the estimation of equation (1). In column (1), we find that
as the difference in achievement between two students increases, the likelihood of forming
friendships decreases.* Specifically, for each one-unit increase in GPA difference, the likelihood

of friendship formation in the school decreases by 0.189 percentage points compared to the

3 Our regression analysis assumes that each student within a school has an equal probability of encountering and

potentially forming a friendship with any other student. Under this assumption, the estimated coefficients capture
preferences related to the characteristics of both the sender (i) and the receiver (), as well as differences between
them. While this assumption may raise concerns, we address them by replicating the analysis among students
participating in the same extracurricular activity. The results remain consistent with our baseline findings. See
Appendix B.2 for details.

One might be concerned about endogeneity when using GPA as a measure of achievement affecting friendship
since GPA could be affected by friendship formation. To alleviate the concern, we alternatively use mother’s
education as a proxy for achievement and find qualitatively similar results. See Appendix B.1 for more details.



overall mean of 0.513%. The constant term represents the probability of friendship formation
when there is no difference in GPA between students. In column (2), we further control for
individual- and dyad-level demographic variables and school fixed effects. The coefficient
remains similar. Specifically, the analysis shows that the probability of friendship formation
decreases by 0.164 percentage points for each one-unit increase in GPA difference. These
findings suggest a negative relationship between the difference in achievement and the likelihood
of forming friendships, even after considering various controls.

In columns (3) and (4), we examine whether the difference in achievement has a varying
association with friendship formation for pairs of Black students, pairs of White students, and
pairs of Black and White students. We investigate this association both without additional
covariates (column 3) and with them (column 4). The results indicate that regardless of whether
the covariates are controlled for, the difference in GPA has a similar relationship to friendship
formation for pairs of Black students and pairs of White students. When the GPA gap increases
by 1, White-White and Black-Black pairs are 0.189 and 0.172 percentage points less likely to
form friendships, respectively. On the other hand, the influence of GPA differences on friendship
formation is weaker for pairs of different races compared to pairs of the same race. Specifically,
Black-White and White-Black pairs are 0.031 percentage points less likely to form friendships
when the GPA difference increases by 1.°

We find that within-race friendships are more prevalent compared to across-race friendships,
consistent with the concept of racial segregation (e.g., Currarini, Jackson, and Pin 2009; Mar-
maros and Sacerdote 2006). The baseline probability of forming friendships within Black-Black
pairs is approximately 1.112%, while that for White-White pairs is 0.862%. In contrast, the
baseline probability of friendship formation across races is much lower, ranging from 0.235% to
0.259%. The findings highlight the presence of racial homophily in friendship formation, where
individuals tend to form friendships more frequently with others of the same race than with
individuals of different races. In column (5), we present the estimation results with individual

fixed effects for both friendship senders and receivers. This accounts for the correlation between

> Importantly, we compare the racial groups on a percentage point level. Given that Black pairs exhibit a higher
baseline probability of friendship formation, a comparable number of percentage points indicates that Black
pairs are less concerned about GPA differences. However, we focus on the percentage points level comparison,
as our primary interest lies in the actual number of friends formed.
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race and the possibility that certain students may be more likely to consider others as friends
and some students may be more popular within the school. Despite controlling for these fixed
effects, the estimated coefficients remain qualitatively similar.

One important implication of the regression results is that students may face different trade-
offs when increasing their GPA. For example, a Black student with the average GPA of their
group (2.6) might lose friends by moving away from the group’s mean achievement, whereas
a White student with the same GPA may not, due to differences in GPA distribution across
racial groups. Using the expected number of friends from the regression results in column (4) of
Table 1, we examine how friendship patterns vary across the GPA distribution by race. Figure
A.2 shows the change in the expected number of friends between students with the average
GPA for Black students and those with a GPA one point above or below that average. As GPA
increases, White students tend to gain more friends, while Black students lose same-race friends.
This loss is only partially offset by gains in cross-race friendships: overall, Black students lose
0.05 friends, while White students gain 0.31.° Conversely, as GPA decreases, White students
lose 0.25 more friends than Black students. While this is a descriptive exercise, it suggests that
students may face different social incentives for academic achievement, shaped by homophily
and the racial distribution of academic performance. It also helps explain why high-achieving
minority students tend to have fewer friends than their majority peers.

These findings remain robust across a variety of alternative specifications, as detailed in the
appendix. First, we examine how friendship formation varies across schools with different racial
compositions (Appendix A.4) and find that high-achieving Black students have fewer friends
primarily in schools where they are a racial minority. We also test the robustness of our results
using multiple alternative approaches: (i) using mother’s education as an alternative measure
of achievement to mitigate concerns about reverse causality (Appendix B.1); (i1) comparing
students within the same extracurricular activities to address exposure concerns (Appendix

B.2); (iii) focusing on mutual friendships rather than one-sided nominations (Appendix B.3);

© These results should be interpreted with caution. Because they are based on a simplified model of expected
friendships, they may not capture all aspects of friendship formation. For instance, the model does not account
for the general popularity of high-achieving students, who may in reality gain more friends as their GPA rises.
Nonetheless, as we show in the next section, the model closely replicates observed racial differences in friendship
counts, making it valid for racial comparisons.
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(iv) accounting for asymmetries in GPA direction—such as low-to-high versus high-to-low
nominations (Appendix B.4); (v) using a semiparametric definition of low and high GPA
(Appendix B.5); and (vi) expanding the sample to include Hispanic students (Appendix B.6).
Across all these specifications, our main findings on how GPA differences affect friendship
formation by race remain consistent (see Appendix Table B.1 for a summary of the sensitivity

analyses).

4 The Racial Friendship Gap: Causes and Consequences for

Earnings

To better understand why high-achieving Black students tend to have fewer friends than
their White counterparts, we conduct a counterfactual analysis. We first calculate the simulated
number of friends based on the regression results from the previous section. Then, we decompose
the friendship gap using racial proportions in school and the distributions of GPA for Black and
White students. To account for the difference in the number of friends, we categorize friends into
two groups based on their GPA: those with GPA ranging from 1 to 3 (considered low-achieving
friends) and those with GPA ranging from 3 to 4 (considered high-achieving friends). Moreover,
we estimate equation (1) for each school separately, using school-specific coefficients to isolate
the unique characteristics of each school.’

We define the number of friends of student j as follows:
nj =) (Gij) 2)
i€s

where s is the school that students i and j are in. Based on the estimated parameters in equation
(1), the number of Black and White students, and the GPA distributions, we compute the number

of simulated friends (77) for a student with GPA of x with the following equation:

7 In the Appendix Figure A.8, we present simulation results using the representative coefficients from Table 1 or
A.5, and find comparable outcomes. Please see Appendix A.5 for more details.

11



ii =n(x, &, B;Np, Nw, 3, fiv)

ub n n n
= YNy [ (@5 + B i) + B+ BB+ BivsW) = fydz
sekE
ub ~ ~
+ XNy x [ (66 + i B) + (B + B B2l fiy:
sek

where for each school s, N and Ny, are the number of Black and White students, respectively.
B and W are indicator variables taking the value 1 if a student is Black and White, respectively.
f3(z) and f;, (z) are the GPA distribution for Black and White students in school s. &° and il
are the estimated parameters from equation (1) that capture the baseline probability of forming
friendships and the interaction between GPA and race for the respective race pair. E represents
the set of schools that contains all coefficients &° and 3“. For low-achieving friends, /b and ub
are designated as 1 and 3, respectively, while for high-achieving friends, /b and ub are set to 3
and 4.

The term (6 + OB + 04y W) + (ﬁg + 3I§BB + [§‘§VBW) |x — z| represents the likelihood of
forming friendships with Black peers when GPA distance is |x — z|. The term (& + &y B) +
( 35 + ﬁgWB) |x — z| represents the same likelihood for friendships with White peers. We calculate
the 7i for all GPAs x and compare them with the number of friends in the data.

We present the number of friends from the data in Figure 4 (a) and from simulation in Figure
4 (b). In Figure 4 (a), we present the number of friends by race (n}}.V and nf) and by friends’
achievement, where the achievement is divided into high and low types. As GPA increases, both
Black and White students are more likely to receive friendship nominations from high-GPA
students, but the slope is steeper for White students, creating a larger gap for students with high
GPAs. Conversely, they are less likely to receive nominations from low-GPA students as GPA
increases, but the change in the difference between Black and White students is not as significant
as the change in nominations from high-GPA students.

Figure 4 (b) displays the number of simulated friends for Black and White students (7% and
i) separately by friends’ achievement. The distribution of the simulated number of friends
captures both qualitatively and quantitatively the patterns of the distribution in the data. We

also calculate the average number of friends by GPA ranges 1-2, 2-3, and 3-4 for both data
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and simulation in Appendix Table A.7.3 Figure 4 (c) presents a comparison between data and
simulation regarding the racial difference in the number of high- and low-achieving friends (i.e.,
w_ B

n. —n

y ; and " —iiP). Regardless of students’ GPA distribution and friends’ achievement, the

racial gap is similar for the data and simulation, confirming the model’s goodness of fit. As
detailed in Appendix A.5, the difference in the number of friends between our simulation and

the data is consistently less than 0.2 across all GPA ranges.

4.1 Decomposing the Friendship Gap: Level and Composition Effects

In the subsection, using the simulated number of friends, we identify the factors contributing
to the lower number of friends among high-achieving Black students compared to high-achieving
White students by decomposing the gap into two factors: the population size and the GPA
distribution.

We investigate the influence of changes in racial composition and GPA distribution on the
racial friendship gaps, focusing on high-achieving students. To answer this, we compare the
simulated gap before and after the distributional shifts among Black and White students relative
to the gap at the lowest GPA. This analysis takes two steps. First, we equalize the share of Black
and White students in each school by proportionally rescaling the number of students to achieve
equal proportions (level effects). This change is similar to the transition from Figure 2 (a) to (b).
Second, in addition to the equalization, we substitute the GPA distribution of White students for
that of Black students (composition effects), which is similar to aligning the GPA distribution of

Black students with that of White students in 2 (b).

8 An observed dissimilarity between the data and simulation is that high-achieving students tend to have fewer
friends in the simulation for both Black and White students. This discrepancy might indicate an unaccounted
premium for high achievers, which our simple model does not consider. However, given our focus on racial
comparisons, the omission of this factor, which affects both racial groups similarly, is unlikely to pose a significant
issue in our racial comparison.
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We calculate the racial friendship gap relative to the lowest GPA as follows:”

d(x,6&,B;Ng,Nw, fz, fw) =" (x, &, B;Ng,Nw, f5, fw') — i (x, &, B; Ng, Nw, f5, fw)

—i¥(x=1,&,B:Np,Nw, fz, fw) — AP (x = 1, &, B:Np, N, f3, fw)-
4)

In Figure 5, we compare the simulated number of high- and low-achieving friends before and
after distributional changes (the overall friendship gap is reported in Appendix A.5). The solid
blue line represents the difference in the simulated number of friends between White and Black
students across the GPA distribution (i.e., d(&, B;Ng, Nw, f3, fi)). Importantly, the friendship
gap is mainly driven by high-achieving peers. High-achieving Black students have fewer high-
achieving friends compared to their White counterparts, while they have more low-achieving
friends. The red dashed line depicts the difference in the simulated number of friends after Black
and White student shares are equalized (i.c., d(&, B;N*,N*, f, f ), where N* = (N3 + Ny)/2),
and the black short dashed line represents the gap after substituting the White GPA distribution
for the Black GPA distribution, as well as the equal shares (i.e., d (&,3;N “N* fws fw))-

Equalizing the shares of Black and White students in Figure 5 (a) narrows the gap in the
number of friendship nominations from high achievers. Specifically, the gap decreases from 1.05
to 0.16 for students with a GPA of 3-4.!° The reduced amount, 0.89, represents the level effect.
We then substitute the White GPA distribution for the Black GPA distribution. After doing
so, the gap decreases from 0.16 to 0.07. The reduced amount, 0.09, reflects the composition
effect.!! In total, the gap is reduced from 1.05 to 0.07 (a reduction of 93%).

In Figure 5 (b), we compare the difference in the simulated number of friendships received
from low achievers before and after distributional changes. After equalizing the shares, the gap

decreases from -0.26 to -0.01 for Black students with a GPA of 3-4. The increased amount, 0.25,

Without the normalization, the simulated number of friends for Black students at the lowest GPA in the
counterfactual scenario of equal proportion with the same GPA distribution is larger than that for White students
by 0.63 for high-achieving friends and 0.48 for low-achieving friends. See Appendix A.5 for further discussion
and figures without the normalization.

10 Appendix Table A.8 provides the numerical estimates of simulated changes in the number of friends across GPA

levels.

' The dominance of level effects is due to the fact that increasing the proportion of Black students can significantly
reduce the racial gap in student composition within the school. In Figure 2, much of the gap in the number of
students, especially among high achievers, between Black and White students disappears when their proportions
are equalized. Conversely, equalizing distribution without increasing the proportion does not result in significant
changes in the racial composition of the school.
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reflects the level effect. We then compare the difference in the simulated number of friendships
received from low achievers before and after substituting the White GPA distribution for the
Black GPA distribution. For a Black student with a GPA of 3-4, the gap decreases from -0.01 to
-0.15. The reduced amount, 0.14, reflects the composition effect. In total, the gap is reduced
from -0.26 to -0.15 (a reduction of 42%).

This analysis highlights how changes in the racial composition of students can influence
friendship formation, particularly for high-achieving Black students. We find that these students
have fewer friends than their White peers primarily because there are fewer high-achieving Black
students in their schools. This finding challenges the “acting White”” hypothesis (Austen-Smith
and Fryer Jr 2005; Eguia 2017; Fryer Jr and Torelli 2010), which argues that high-achieving
minority students are socially ostracized and that their lower number of friends reflects this
rejection. In contrast, our estimates show that the friendship gap among high achievers largely
disappears when we equalize the racial composition of schools. The gap arises not from
oppositional culture (Fordham and Ogbu 1986), but from the structural fact of being a numerical
minority. Our counterfactual analysis further confirms that most of the friendship gap is driven
by level effects—that is, differences in group size—rather than by individual characteristics or
cultural attitudes. In short, the smaller number of friends among high-achieving Black students

reflects limited exposure to similar peers, not social penalties for academic success.

4.2 From the Friendship Gap to the Earnings Gap

In the preceding section, we established that the smaller number of friends of high-achieving
Black students primarily stems from their status as minorities within schools. In this section,
we explore the labor market consequences of this reduced social connectivity. A growing body
of research highlights the critical role of social networks in shaping future outcomes—friends
provide not only emotional support and social capital, but also access to information, academic
motivation, and job opportunities (Calvo-Armengol and Jackson 2004; Chetty et al. 2022b;
Ioannides and Loury 2004; Jackson et al. 2008). Limited access to such networks during
adolescence can have long-term implications. Understanding these consequences is essential for

assessing the broader impact of school environments on inequality in adult outcomes.
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We conduct a back-of-the-envelope calculation using our estimated reduction in the friendship
gap in counterfactual scenarios and causal estimates of the earnings return to the number of
friends. According to our counterfactual analysis, the simulated friendship gap among high-
achieving Black students decreases from 1.05 to 0.07 for high-achieving friends and from -0.26
to -0.15 for low-achieving friends. Thus, in the counterfactual scenario, the total expected
reduction in the friendship gap for high-achieving students is 0.87. In other words, Black
students would be expected to have 0.87 more friends if they had the same number of peers and
GPA distribution as White students.

Following Lleras-Muney et al. (2025), we use an instrumental variable (IV) approach to
estimate the causal effect of the number of friends on earnings. Our instrument is the average
absolute age difference between a student and their peers in the same school and grade. This
leverages the fact that age similarity is associated with a higher likelihood of friendship formation
(McPherson, Smith-Lovin, and Cook 2001), while being plausibly uncorrelated with unobserved
determinants of earnings. Age similarity is plausibly exogenous to earnings because, conditional
on individual age and cohort mean age, it reflects variation in peer group composition rather than
individual traits.!? Placebo tests by Lleras-Muney et al. (2025) show no significant association
between age distance and predetermined characteristics linked to earnings, including parental
education and birth weight (see Appendix A.6 for a discussion of IV validity). To maximize
sample size, we include students of all races in the earnings analysis and restrict the friendship
measure to same-grade peers to align with the IV. We then regress the log of annual earnings for

individual 7 in school j and grade g on the number of friends:

In(earnings); = Yo+ YfNumFriend; + Y,(Black; x NumFriend;) +1X;j, + 0;+ Ng+ei, (5)

where NumFriend is the number of friends in the same grade and Black is an indicator denoting

Black students. We include school fixed effects, d;, and grade fixed effects, 1Ng. We also include

12 Similar to Cicala, Fryer, and Spenkuch (2018) and Murphy and Weinhardt (2020), the key identifying assumption
is that age distance affects earnings only through its influence on friendships, not directly. This requires that
families do not sort into schools or grades based on the variation in peer age distribution. The assumption holds
even if parents prefer their child to be older relative to classmates (i.e., redshirting), as long as cohort choices
yield the same relative age rank. While cohorts may differ in average age distance, students with the same
rank would be equally positioned across cohorts but might have more similarly aged peers in one, potentially
increasing friendships.
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individual-level and school-by-grade-level controls, X; ., including age, sex, race, education,
social skills, cognitive skills, and the school-by-grade averages of those variables (see Appendix
A.6 for details on variable description).

Table 2 presents OLS and 2SLS results, with first-stage results provided in Appendix Table
A.10. While it is not presented in the table, we include an interaction term between the number
of friends (or high- and low-achieving friends) and a dummy variable for races other than Black
and White.!3 Thus, the variable NumFriend represents estimation results for White individuals.
In columns (1) and (2), we present OLS estimates for the return to the number of friends. Since
our focus is the racial gap, we estimate returns separately for Black and White students. Column
(2) further distinguishes between high- and low-achieving friends. We find no evidence of
different returns to number of friends between Black and White students, regardless of whether
friends are high achieving or low achieving. Additionally, we find suggestive evidence that
the return for high-achieving friends is higher than that for low-achieving friends, while the
instruments lack sufficient power to produce precise estimates for different types of friendships.

In columns (3) and (4), IV regression estimates are presented using overall age distance and
race-specific age distance as instruments, respectively. Overall age distance is calculated based
on age distance among all possible pairs in a school-grade following Lleras-Muney et al. (2025).
The race-specific distance is calculated separately for Black and White peers to account for
racial homophily in friendship formation. In column (3), we estimate the overall return to one
more friend for students of all races. In column (4), we estimate the return separately for Black
and White students using race-specific distance as the IV. We find a larger return to the number
of friends in both cases while results are not statistically significant at the 5% level because of
large standard errors. Once again, we do not find a different return between Black and White
students.'* In their various specifications, Lleras-Muney et al. (2025) estimate the bounds of
return to the number of friends as 6.50% to 13.67%. Since our estimates fall within these bounds

and are not precise, we use their bounds for our back-of-the-envelope calculation for the racial

13 Students of races other than Black and White show no difference in returns compared to White students. See
Appendix A.11 for results for students of races other than Black and White.

14 In Appendix Table A.11, we also present results dividing students based on achievement. We find that high-
achieving students gain a higher return from having one more friend, while the difference is not large.
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earnings gap. >

In the Add Health data, where respondents are primarily between the ages of twenty-four
and thirty-four, high-achieving Black students earn 28.7% less than their White counterparts,
with average earnings of $37,300.!° In our counterfactual scenario, we anticipate a 0.87-point
decrease in the gap in the number of friends for high-achieving Black students, resulting in a
5.7% to 11.9% increase in their earnings. Consequently, the wage gap diminishes from 28.7%
to 20.2%-24.6%, representing a reduction of the gap by 14.3%-29.6%. The reduction would
be lower-bound if the causal estimate of the return to high-achieving friends exceeds that of
low-achieving friends, as suggested by the OLS estimates in column (2).

These findings show that simply being a numerical minority in school can create significant
disadvantages in adulthood, even when no discrimination is present. Reduced opportunities
to form friendships, shaped by the structure of the peer composition rather than differential
treatment, can accumulate over time and lead to substantial earnings losses later in life. When
students have fewer academically similar peers of the same race to connect with, they are less
able to form relationships that could provide information, motivation, and access to opportunities
during adolescence. Over time, these small differences in social connectivity can compound,
limiting the development of networks that support educational progress and later career success.
As a result, the demographic composition of peer groups alone can generate persistent racial

inequality, independent of any differences in how students are treated.

5 Conclusion

This paper identifies and quantifies a previously underexplored channel contributing to
racial inequality: disparities in school-based friendship formation. We document that high-
achieving Black students have fewer friends than their White counterparts, primarily due to
structural constraints. In particular, they have lower exposure to similarly high-achieving peers

of the same race. Using dyadic analysis of friendship formation and detailed counterfactual

15 Lleras-Muney et al. (2025) use the same data source and define friendship in the same way as this paper, though
their sample selection differs slightly. Their point estimate under a specification similar to Table 2 column (3) is
12.42%. See Appendix A.6 for more details.

16 After controlling for basic demographics, including age, sex, race, social skills, cognitive skills, and school and
grade fixed effects, the racial earnings gap falls to 20.3%.
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simulations, we show that this friendship gap is not driven by social rejection or cultural
opposition to achievement (“acting White”), but rather by demographic realities and strong
racial and achievement-based homophily.

Our findings have two key implications. First, they challenge behavioral or attitudinal
explanations of social isolation among high-achieving minority students, offering instead a
structural account grounded in network exposure and school composition. Second, we show
that this friendship gap has tangible consequences for long-run economic inequality. Based on a
back-of-the-envelope calculation, we estimate that differences in the number of friends account
for roughly 15 to 30 percent of the Black—White earnings gap among high-achieving youth.

These results contribute to a growing literature linking social networks to economic mobility
and highlight the importance of considering social capital as a key dimension of educational
inequality. Importantly, our findings suggest that integration policies that increase racial diversity
at the school level may be insufficient if they do not also foster within-school connections across
racial and achievement lines. Future efforts must consider not only who shares school spaces,
but also who forms meaningful social bonds within them.

By documenting how structural exposure patterns shape adolescent networks and future
earnings, this study underscores the need to reframe educational equity debates to include the

relational environments in which students learn and connect.
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6 Figures and Tables

Fig. 1. Number of Friends by GPA
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Notes. The figure shows locally smoothed averages of the number of friends across the GPA distribution,
separately for Black and White students. For example, the friendship gap is 0.43 among students with a GPA
below 1.25, 0.62 for those with a GPA between 2.25 and 2.75, and 0.97 for those with a GPA above 3.75.
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Fig. 2. GPA Distribution by Race
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Notes. The figures illustrate the distributions of average GPA for Black and White students. The red bar indicates
the density of the average GPA of White students. The blue bar indicates the density of the average GPA of Black
students. Figure (a) illustrates the average GPA distribution with original Black and White shares. Figure (b)
illustrates the average GPA distribution after equalizing Black and White shares.
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Fig. 3. Probability of Forming Friendships by GPA Difference and Race
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Notes. The figure illustrates the probability of forming friendships based on the GPA difference
between pairs, depicted separately for racial combinations. Each potential dyad of students in each
school is treated as an observation.

25



Fig. 4. Number of Friends from Data and Simulation
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Notes. Figure (a) shows the number of friends across the GPA distribution, separately by race (Black and White)
of the friendship receiver and achievement (high and low) of the sender. High-achieving students are defined as
those with a GPA of at least 3. The short dashed blue line and dashed light blue line represent the number of high-
and low-achieving friends of Black students, respectively. The dashed red line and solid orange line represent the
number of high- and low-achieving friends of White students, respectively. Figure (b) shows the simulated number
of friends for Black and White students, differentiated by the sender’s achievement following equation (3). The
line styles in Figure (b) correspond to those in Figure (a). Figure (c) compares the Black and White friendship gap
observed in the data (Figure (a)) with the corresponding simulation results (Figure (b)). This comparison is done
separately for high- and low-achieving friends. The short dashed blue line and dashed-dotted blue line indicate the
racial gap in the number of high-achieving friends from the data and simulation, respectively. The dashed red line
and the solid red line indicate the racial gap in the number of low-achieving friends from the data and simulation,
respectively.
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Fig. 5. Racial Difference (White - Black) in the Number of Simulated Friends by GPA and
Friend Achievement Level
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Notes. The figure illustrates the difference in the number of expected friends between Black and White students,
calculated as White minus Black and standardized to O at the lowest GPA level following equation (4). The
simulated numbers are computed using equation (3). Figures (a) and (b) present the difference in the number
of high-achieving and low-achieving friends, separately. The solid blue line depicts the original difference in
the simulated number of friends. The dashed red line represents the difference assuming an equal proportion of
Black and White students. The short-dashed black line represents the difference assuming both an equal share
of Black and White students and an identical GPA distribution for Black and White students.
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Table 1: Friendship Formation by Race and Achievement

Dependent variable :
i nominating j as a friend (%)

&) (@) 3 “ o)
dGPA -0.189%#*  _0.164%**  -0.216%**  -0.189%**  -0.259H**
(0.019) (0.015) (0.025) (0.022) (0.028)
dGPA x BB 0.047 0.017 0.038
(0.044) (0.045) (0.049)
dGPA x BW 0.188***  (.158***  (.200%**
(0.025) (0.022) (0.025)
dGPA xWB 0.182%** (. 158***  (.]193***
(0.024) (0.023) (0.026)
BB 0.168 0.250
(0.166) (0.171)
BW -0.624%#%  _(0.627%**
(0.078) (0.061)
WB -0.597#**  -0.603%H*
(0.078) (0.060)
Constant 0.674%**  0.694%**  (.752%*%*  (0.862%**  (.938%**

(0.060) (0.097) (0.080) (0.129) (0.051)
Observations 36,183,256 36,183,256 36,183,256 36,183,256 36,183,256

Mean 0.513 0.513 0.513 0.513 0.513
Controls X X X
Individual FE X

Notes. The table presents estimation results from equation (1). Units of observation are directed dyads, based on
the non-Hispanic Black and non-Hispanic White students who reported GPAs and individual characteristics (age,
gender, and race). The dependent variable takes the value of 1 if student i nominates student j as a friend. dGPA
indicates a difference in average GPA within a pair of students. B indicates a Black student, and W indicates a White
student. BW is an indicator that the sender is a Black student and the receiver is a White student. “Mean” refers to
the average probability of forming friendships. “Controls” indicate the controlling demographic variables including
gender and age of senders and receivers, difference in age within pairs, and school fixed effects. “Individual FE”
indicates that individual fixed effects of senders and receivers are controlled for. Standard errors are clustered at the
school level. *** p < .01, ** p < .05, * p < .1
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Table 2: Effects of the Number of Friends on Earnings

2SLS
ey (2) 3) 4)
Friends 0.024#** 0.146* 0.123
(0.004) (0.081) (0.105)
Friendsx Black -0.002 0.034
(0.012) (0.082)
High-Achieving Friends 0.0297%**
(0.004)
Low-Achieving Friends 0.011*
(0.006)
High-Achieving Friendsx Black 0.003
(0.013)
Low-Achieving Friendsx Black -0.005
(0.014)
Controls X X X X
Sample All All All All
1Y Overall Racial
Observations 9,059 9,059 9,059 9,059

Notes. The table presents estimation results from equation (5). Columns (1) and (2) present OLS estimates and
columns (3) and (4) present 2SLS estimates in which the number of friends is endogenous. See Appendix Table
A.10 for first-stage results. “Controls” stands for the inclusion of control variables, including age, sex, race, social
skills, cognitive skills, and school and grade fixed effects. For the IV row, “Overall” indicates average age distance
for all students in a school-grade, and “Racial” indicates the race-specific average age distance in school-grade.

Standard errors are clustered at the school level. *** p < .01, ** p < .05, * p < .1
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A Additional Results

A.1 Summary Statistics

Table A.1: Individual-Level Summary Statistics

White Black All

GPA 2.9 2.6 2.8
Female (%) 51 55 52
Age 15 15 15
Number of Friends 3.80 3.04 3.64

High Performing Friends (GPA>3)  2.38 1.40 2.17

Low Performing Friends (GPA <3) 1.42 1.64 1.47
Share (%) 78.9 21.1 100
Observations 43,109 11,530 54,639

Notes. The table presents individual-level summary statistics for White, Black, and all students. It
reports the average number of friends, broken down into two categories: high-performing friends
(GPA > 3.0)andlow — per forming friends(GPA < 3.0).

Table A.2: Pairwise-Level Summary Statistics

White—White Black—Black White—Black Black—White All

Friend (%) 0.567 0.784 0.125 0.103 0.513
GPA diff. 0.9 0.8 0.9 0.9 0.9
Share (%) 73.29 9.91 8.40 8.40 100
Observations 26,517,518 3,584,014 3,040,862 3,040,862 36,183,256

Notes. “Friend (%)’ measures the proportion of formed friendships out of all possible student pairs. If student i
nominates student j as a friend but j does not reciprocate, only the i-j pair is counted as a friendship, not the j-i
pair. “GPA diff.” refers to the average GPA gap between paired students.



A.2 Calculating Probability of Forming Friends

The following illustration outlines the methodology employed to generate Figure 3. Consider
a school with a total of 15 students. Within this group, there are two high-achieving Black
students, three low-achieving Black students, five high-achieving White students, and five

low-achieving White students.

Table A.3: Example with Pairs of 15 Students

iandj 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
By By Br B B Wy Wy Wy Wy Wy W, Wp W, W, W_

1 By - 1 1 1 0 O 0 0 0 1 o o0 0 0 1
2 By 1 -0 1 1 0 1 0 0 o o o o0 o0 o
3 B, 1 o - 1 1 O 0 0 0 1 o o o0 0 O
4 B O O 1 - 0 O 0 0 0 o o0 o o 1 0
5 Br 1 1 1 1 - 0 0 0 0 1 1 0 1 0 O
6 Wg O O O O O - 1 1 1 0 1 0 0 0 1
7 Wg O O O O O 1 - 1 0 1 o o o0 0 O
8 Wg O O O O O 1 1 - 0 0 1 0 0 0 1
9 Wy O O O O O 1 0 0 - 1 O 0 O 0 O
10 Wg 1 1 1 0 1 0 1 1 0 - 1 0 0 0 1
nm w o0 0 0 0 1 1 0 1 1 1 - 1 0 1 0
2 w o0 0 0 0 0 O 0 0 0 o 0 - 1 0 O
3w, 0 0 O 0 0 O 0 0 0 0 1 0 - I 0
4 w, 0 O O 1 0 O 0 0 0 0O 0 0 1 - 1
15 w, 1 0O o0 0 O | 0 1 0 1 1 1 0 1 -

Notes. This is a simple example with Black and White students with either high ability or low ability. Each row
indicates a student who lists another student and each column indicates the student who are listed.

In Appendix Table A.3, we present the friendship connections among the 15 students. Each
cell indicates whether student i in the row directs student j in the column as a friend. The
labels in the table represent the race and achievement of the students, denoted as R,, where
R represents the race and a represents the achievement of the student. For instance, By in
the first row (student i = 1) represents a high-achieving Black student. In the table, we can
observe that student 2, who possesses a high-achievement, directs student 7, who possesses a
high-achievement.

In Appendix Table A.4, we calculate the probabilities of forming friendships based on the
data in Appendix Table A.3. For instance, consider the case of a high-achieving White student

as the friendship sender and a low-achieving Black student as the friendship receiver. In this



Table A.4: Probability of Forming Friendships

By By Wy WL
By 100% 66.7% 20% 10%
B;, 50% 833% 13.3% 20%
Wy 20% 133% 60% 24%
W 10% 133% 28% 50%

Notes. We calculate probabilities of forming friendship for each possible race and achieve-

ment based on Appendix Table A.3.
scenario, there are 15 potential pairs (5 high-achieving White students and 3 low-achieving
Black students) that can form a friendship. However, only 2 actual friendships are formed out of
these potential pairs. Therefore, the probability of a high-achieving White student directing a

low-achieving Black student as a friend is % = 13.3%.

Fig. A.1. Probability of Forming Friendships by GPA Difference and Race
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Notes. The figure illustrates average probability of friendship formation by GPA difference and race pairs
based on the Appendix Table A.3. In this figure, GPA difference is O when two students are both high type or
low type. GPA difference is 1 when two students are different achievement type (high-low or low-high types).
Using Appendix Table A.3, we plot the relationship between the GPA difference and the
probability of friendship formation for each possible pair in Appendix Figure A.1. For instance,
there are two cases where two Black students have identical GPAs: a high-achieving Black
student directing another high-achieving Black student as a friend, and a low-achieving Black

student directing another low-achieving Black student as a friend. In the figure, the likelihood

of a high-achieving Black student directing another high-achieving Black student as a friend is



100%, while the likelihood of a low-achieving Black student directing another low-achieving
Black student as a friend is 83.3%.

Compared to these equally-achieving friend pairs, the likelihood of forming a friendship
decreases when students have different GPAs. The likelihood of forming a friendship between
Black students with different achievement is lower than that of the equally-achieving cases.
Additionally, the likelihood of forming a friendship for same-race friendships is higher than that

of different-race friendships for a given GPA difference.



A.3 Expected Friendship Changes with GPA Variation

Fig. A.2. Difference in the Number of Expected Friends Between Students with Average GPA
and Students with Higher/Lower GPA

GPA -1 GPA +1 GPA -1 GPA +1
Black White

[ ] BlackFriends [ | White Friends

Notes. The figure illustrates the difference in the number of expected friendships between students
with the average GPA of Black students and students with a GPA that is higher or lower by 1 than
this average. The blue and red bars represent the differences in Black and White friends, respectively.
The expected numbers are computed based on coefficients from equation (1).



A.4 Heterogeneity Across Black Shares in Schools

In this subsection, we explore heterogeneity in friendship formation across schools with
different racial compositions. Racial composition may also modify the relationship between
race and achievement as factors in friendship formation. We divide schools into four groups so
each group has the same number of Black students: the first, second, third, and fourth groups
include schools with Black student shares ranging from 0% to 22%, 23% to 40%, 41% to 74%,
and 75% to 100%, respectively.

In Appendix Figure A.3, we first present the number of friends, categorized by race and
the share of Black students. A few patterns are worth noting. High-achieving Black students
in Black-minority schools (0%-40%) tend to have significantly fewer friends than their White
peers, whereas this disparity is absent in schools in which the Black population is not a minority
(41%-100%). Low-achieving Black students in Black-minority schools also exhibit differences
in the number of friends compared to their White counterparts, although the difference is smaller
than that observed among high-achieving students. Moreover, we present the GPA distribution
of Black and White students by the proportion of Black students in Appendix Figure A.4. While
White students tend to cluster above a GPA of 3 and Black students are concentrated between 2
and 3, Black-minority schools show more pronounced differences in the distribution of GPAs. !
In essence, the figure suggests that high-achieving Black students tend to have a smaller circle
of friends compared to their White peers, especially in schools in which the proportion of Black
students is smaller, particularly at higher GPAs.

In Appendix Table A.5, we estimate equation (1) separately for students enrolled in schools
with different shares of Black students. This analysis enables us to explore how friendship-
formation patterns vary across shares of Black students. We present the estimation results
starting with all schools in column (1), followed by schools categorized based on different shares
of Black students in columns (2) to (5).

Across all school types, GPA differences are either similarly important or less pronounced

for Black students than for White students. In particular, columns (2) and (3) show no significant

Al Specifically, in schools with Black student shares ranging from 0%-22%, 23%-40%, 41%-74%, and 75%-100%,
the gaps in shares with GPA of 3-4 between Black and White students are 19%, 19%, 13%, and 1% ,respectively.

7



relationship between dGPA x BB (the GPA difference interacted with a Black—Black pair
indicator) and friendship formation in schools where White students are the majority. In contrast,
we observe positive and significant effects in schools where Black students make up more than
40% of the population. Notably, the degree of racial homophily, measured by BB, varies with
the proportion of Black students. As the share of Black students increases, the coefficient on BB
tends to decline. These patterns remain consistent when we control for fixed effects of friendship

senders and receivers, as shown in Appendix Table A.6.



Fig. A.3. Number of Friends by GPA and Black Students’ Share in Schools
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Notes. The figure depicts the locally smoothed means of the number of friends across GPA distribution, categorized

by race and the share of Black students.
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Notes. The figures illustrate the distributions of average GPA for Black and White students, separately by proportion
of Black students in school. The red bar indicates the density of the average GPA of White students. The blue
bar indicates the density of the average GPA of Black students. The sub-figures (a), (¢), (e), and (g), illustrate the
average GPA distribution with original Black and White shares. The sub-figures (b), (d), (), and (h), illustrate the
average GPA distribution after equalizing Black and White shares.
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Table A.5: Friendship Formation by Race and Achievement: Across Black Student

Share
Dependent variable :
Probability of i nominating j as a friend (%)
(1) All (2) 0-22% (3) 23-40% (4)41-74% (5) 75-100%

dGPA -0.189%**  -0.179%**  -0.284%**  -0.267**F*  -1.36]%**
(0.022) (0.022) (0.062) (0.032) (0.116)

dGPA x BB 0.017 -0.095 0.044 0.187%** 1.152%
(0.045) (0.075) (0.032) (0.032) (0.127)

dGPA x BW  0.158%%*  (.144%%%* 0.267%** 0.239%** 1.317%%%
(0.022) (0.022) (0.061) (0.040) (0.106)

dGPAXWB  0.158***  (.145%%%* 0.265%** 0.245%%* 1.322%%%*
(0.023) (0.022) (0.063) (0.034) (0.098)

BB 0.250 1.212%%* 0.300%* -0.513%%*  _5207%**
(0.171) (0.285) (0.128) (0.122) (0.186)

BW -0.627%**k  _0.474%**F  -1.000%*F* 0983wk _5.927HHE
(0.061) (0.048) (0.208) (0.144) (0.223)

WB -0.603***  -0.448%***  -0.987**F*  -(.952%**k .5 .83H**
(0.060) (0.047) (0.213) (0.128) (0.259)

Constant 0.862%**  (.74]1%** 0.935%** 1.701%** 6.103%%*
(0.129) (0.098) (0.276) (0.244) (0.301)

Observations 36,183,256 26,910,900 4,993,870 2,743,852 1,534,634

Mean 0.513 0.509 0.539 0.400 0.686
Controls X X X X X

Notes. Notes. The table presents coefficients and standard errors from estimation of equation (1), separately by
shares of Black students. Units of observation are directed dyads, based on non-Hispanic Black and non-Hispanic
White students who reported GPAs and individual characteristics (age, gender, and race). The dependent variable
takes the value of 1 if student i nominated student j as a friend. dGPA indicates a difference in average GPA
within pairs of students. B indicates Black students, and W indicates White students. “Mean” refers to the average
probability of forming friendships. “Controls” indicate the controlling demographic variables including gender and
age of senders and receivers, difference in age within pairs, and school fixed effects. The schools are divided into
four quantile groups as follows: the first quantile (Q1) includes schools with Black student shares ranging from 0%
to 22%; the second quantile (Q2), 23% to 40%; the third quantile (Q3), 41% to 74%; and the fourth quantile (Q4),
75% to 100%. Standard errors are clustered at the school level. *** p < .01, ** p < .05, * p < .1
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Table A.6: Friendship Formation by Race and Achievement: Across Black Student
Proportion with Individual Fixed-Effects

Dependent variable :
Probability of i nominating j as a friend (%)

(1) All (2)0-22%  (3) 23-40% (4) 41-74% (5) 75-100%

dGPA -0.259%%% - 0.248%*#*  -0.359%*F*  _0.269%**F  -1.406%**
(0.028) (0.029) (0.078) (0.035) (0.124)

dGPA x BB 0.038 -0.080 0.094** 0.146%** 1.136%**
(0.049) (0.075) (0.039) (0.031) (0.120)

dGPA x BW  0.200%%*  (.165%*%* 0.295##* 0.22]#%* 1.208:#*
(0.025) (0.025) (0.067) (0.039) (0.106)

dGPAXxWB  0.193%%%  (.]154%%* 0.28 1 0.2207%** 1.354%*
(0.026) (0.024) (0.067) (0.037) (0.097)

Constant 0.938#:#* 1.154%%* 0.870%##* 0.097 -4.600%#%*
(0.051) (0.070) (0.056) (0.111) (0.244)

Observations 36,183,256 26,910,900 4,993,870 2,743,852 1,534,634

Mean 0.513 0.509 0.539 0.400 0.681

Notes. The table presents coefficients and standard errors from estimation of equation (1), separately by shares of
Black students. Units of observation are directed dyads, based on non-Hispanic Black and non-Hispanic White
students who reported GPAs and individual characteristics (age, gender, and race). The dependent variable takes
on the value of 1 if student i nominated student j as a friend. dGPA indicates a difference in average GPA within
the pairs of students. B indicates Black students, and W indicates White students. “Mean” refers to the average
probability of forming friendships. The schools are divided into four quantile groups as follows: the first quantile
(Q1) includes schools with Black student shares ranging from 0% to 22%; the second quantile (Q2), 23% to 40%;
the third quantile (Q3), 41% to 74%; and the fourth quantile (Q4), 75% to 100%. Standard errors are clustered at
the school level. *** p < .01, ** p < .05, * p < .1
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A.5 Additional Simulation Outcomes

We present supplementary results for simulation analysis. Appendix Table A.7 displays the
number of friends categorized by students’ GPA (1-2, 2-3, 3-4), students’ race (Black, White),
and friends’ GPA (high-achieving, low-achieving). Furthermore, we illustrate the disparity in
the number of friends between Black and White students, as well as the difference between data
and simulation regarding the racial gap in friendship counts.

Appendix Table A.8 provides numerical values for the difference in the number of friends in
each counterfactual analysis, complementing Figure 5.

Appendix Figure A.5 displays the total number of friends gap, including both high- and
low-achieving friends.

Appendix Figure A.6 illustrates the friendship gap in the original simulation and each
counterfactual scenario without normalization, where the gap is set to zero at the lowest GPA. In
counterfactual 1, we equalize the proportions of Black and White students, resulting in the near
elimination of the racial gap in high-achieving friends, while the gap in low-achieving friends
becomes around negative 1.0. This suggests that Black students are expected to have the same
number of high-achieving friends and approximately one more low-achieving friend compared
to White students. In counterfactual 2, we further equalize their GPA distributions, presenting
that Black students have approximately 0.5 more high- and low-achieving friends.

However, it is important to note that the more friends of Black students compared to White in
the counterfactuals may be influenced by the higher level of racial homophily due to the smaller
proportion of Black students. In our regression model (equation (1)), the overall level of racial
homophily is determined by the probability of forming friendships among all possible pairs.
Since the number of friends is constrained to a certain level (i.e., congestion), the overall level of
homophily may be overestimated when the number of Black students is limited.*> Therefore,
even if our estimation suggests that Black students have more friends, we focus on relative
levels in the baseline analysis where overall homophily cannot exert influence. If, in reality,

there are racial differences in the underlying preferences for friendship formation—and Black

A2 For example, having 10 Black friends among 20 Black peers results in a probability of 0.5. If there are 40
Black students, a student would need to have 20 Black friends to achieve the same probability. However, it is
unrealistic to expect individuals to have such a large number of friends due to time and resource constraints.

14



students tend to form more friendships—then the reduction in the friendship gap observed in
our counterfactuals may be underestimated.

In Appendix Figure A.8, we present results of counterfactual analyses using representative
coefficients derived from all schools and schools with Black enrollment percentages between
23-40%, as presented in Table 1 or A.5. In all instances, we observe a reduction in the racial gap
in the number of friends when the Black-White proportion and GPA distributions are equalized.
Notably, the explained gap for high-achieving students is larger than the baseline results in
all cases. This mitigates concerns regarding the potential impact of student distributions on
coefficients. Overall, we take a consistently conservative approach in estimating the reduction in

the friendship gap in our counterfactual analyses.
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Table A.8: Racial Difference (White - Black) in the Number of Simulated Friends Before
and After Composition Changes

Panel A: High-Achieving Friends

GPA 1-2 GPA 2-3 GPA 34

Simulation 0.31 0.75 1.05
Counterfactual 1: Equal Share 0.17 0.21 0.16
Counterfactual 2: Equal Share & Equal GPA Dist. 0.16 0.11 0.07

Panel B: Low-Achieving Friends

GPA 1-2 GPA 2-3 GPA 34

Simulation 0.08 0.01 -0.26
Counterfactual 1: Equal Share 0.01 -0.01 -0.01
Counterfactual 2: Equal Share & Equal GPA Dist. 0.03 -0.01 -0.15

Notes. The table illustrates the difference in the number of simulated friends between Black and White
students, with standardization of O at the lowest GPA level. The simulated numbers are computed using
equation (3). Panel (a) and (b) present the difference in the number of high-achieving and low-achieving
friends separately. In the table, the simulation presents the original difference in the simulated number of
friends. Counterfactual 1 presents the difference assuming an equal proportion of Black and White students.
Counterfactual 2 presents the difference assuming both an equal share of Black and White students and an
identical GPA distribution for Black and White students.
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Fig. A.5. Racial Difference (White - Black) in the Number of Simulated Friends by GPA
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Notes. The figure illustrates the difference in the number of simulated friends between Black and White students,
calculated as White minus Black and standardized to O at the lowest GPA level following equation (3). The solid
blue line depicts the original difference in the simulated number of friends. The dashed red line represents the
difference assuming an equal proportion of Black and White students. The short-dashed black line represents the
difference assuming both an equal share of Black and White students and an identical GPA distribution for Black
and White students.
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Fig. A.6. Racial Difference (White - Black) in the Number of Simulated Friends by GPA and
Friend Achievement Level: Without Normalization
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(a) High achieving Friends (b) Low achieving Friends

Notes. The figure illustrates the difference in the number of simulated friends between Black and White
students, calculated as White minus Black, following equation (4) without normalization. The simulated
numbers are computed based on equation (3). Figures (a) and (b) present the difference in the number of
high-achieving and low-achieving friends, separately. The solid blue line depicts the original difference in the
simulated number of friends. The dashed red line represents the difference assuming an equal proportion of
Black and White students. The short-dashed black line represents the difference assuming both an equal share
of Black and White students and an identical GPA distribution for Black and White students.
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Fig. A.8. Racial Difference (White - Black) in the Number of Simulated Friends by GPA and

Friend Achievement Level with Coefficients from Representative Schools
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Notes. The figure illustrates the difference in the number of simulated friends between Black and White
students, calculated as White minus Black and standardized to 0 at the lowest GPA level following equation (3).
Specifically, we use coefficients from the representative schools calculated in Table 1 or A.5. Figure (a) and (b)
use coefficients from all schools, and Figure (c) and (d) use coefficients from schools with Black enrollment
between 23-40%. In the graph, the solid blue line depicts the original difference in the simulated number
of friends. The dashed red line represents the difference assuming an equal proportion of Black and White
students. The short-dashed black line represents the difference assuming both an equal share of Black and
White students and an identical GPA distribution for Black and White students.
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A.6 Additional Earnings Outcomes

We further restrict our sample for labor market analysis to include individuals who report
measures of cognitive skills, social skills, education level, and earnings. Consistent with Lleras-
Muney et al. (2025), cognitive skills are assessed using the Add Health Picture Vocabulary Test
(AHPVT) score administered in Wave 1, while social skills are gauged through self-reported
extroversion levels collected in Wave 2.4 Earnings are measured as total earnings from wages
or salary in the previous year. We utilize earnings data from Waves 4, corresponding to ages
24-34, on average 29 years old. Respondents who responded “do not know” to the earnings
question were presented with twelve earnings categories, and we approximate their earnings by
using the midpoint of the selected range. We drop individuals who reported zero earnings (7%).
On average, individuals in our sample earned approximately $37,300 in the preceding year. See
Appendix Table A.9 for summary statistics of the earnings sample.

To estimate the causal return to the number of friends, Lleras-Muney et al. (2025) follow
the identification strategy of Cicala, Fryer, and Spenkuch (2018) and Murphy and Weinhardt
(2020), who leverage within-cohort variation in relative position—such as academic rank or
age distribution—to study peer effects and behavioral outcomes. Following Lleras-Muney
et al. (2025), we exploit variation in (race-specific) age distance—the average age gap between
a student and their peers in the same school and grade—while controlling for individual age
and cohort-mean age. This approach isolates residual variation in age distance that is not
mechanically determined by a student’s own age but instead arises from differences in the age
composition of cohorts. Our identifying assumption is that, conditional on a rich set of controls,
age distance affects outcomes only through its influence on peer interactions and educational
experiences—satisfying the exclusion restriction.

To empirically support this assumption, Lleras-Muney et al. (2025) conduct a series of
placebo tests using a range of predetermined characteristics, including parental education,

parental and own nativity, religion, birthweight, breastfeeding history, height, and disability

A3 The survey question is “You are shy?”, and the choices are “strongly agree, agree, neither agree nor disagree,
disagree, strongly disagree”. Individuals choosing last three categories are defined as extrovert. Due to the
survey design, 26% of the individuals in the dataset lack this information. Consequently, we impute this measure
and incorporate a dummy variable to indicate its absence.

21



status. These variables are largely determined early in life and are known predictors of long-run
outcomes such as earnings. They find that age distance does not significantly predict any of
these characteristics after adjusting for basic controls; the coefficients are consistently small
and statistically insignificant across all specifications. Furthermore, a joint F-test regressing age
distance on the full set of predetermined variables shows no meaningful relationship, indicating
that age distance is unrelated to these early-life characteristics. These results provide empirical
support for the validity of the exclusion restriction (see their Tables A.3 and A.4).

Appendix Table A.10 presents the first-stage results of our IV estimation.** In column (1),
we use age distance to peers in the same school and grade as our instrument. The distance is
the average of the absolute difference between all possible pairs in the group with a student. In
column (2), we disaggregate the age distance into three components: distance to Black, White,
and other than Black and White peers in the same school and grade. Thus, each student has
three age-distance variables. The rationale is that the age distance measure may predominantly
reflect distance to White students, even if Black students are more inclined to form friendships
with other Black students.

In column (2), we interact age distance with own-race indicators to examine potential racial
differences in sensitivity to friendships. Students are more sensitive to age differences when
they form friendships with their same-race peers. To assess instrument strength, we report joint
weak identification diagnostics for the multiple endogenous variables, NumFriend and Black x
NumFriend. The Kleibergen—Paap rk Wald F statistic is 6.43. For reference, the Stock—Yogo
critical value for a 10% maximal IV relative bias is 7.77. Because the Kleibergen—Paap F is
below this threshold, the instruments are potentially weak, and the 2SLS estimates should be
interpreted with caution.

In column (3), we disaggregate the age distance into low- and high-achieving peers, and
interact these with a low-achieving dummy to consider homophily in achievement. Again, we
find stronger sensitivity to the same group. The Kleibergen—Paap rk Wald F statistic (19.03)
exceeds the Stock—Yogo 5% critical value (11.04), indicating that weak instruments are unlikely

to be a major concern. Columns (1), (2), and (3) are matched to columns (3) and (4) of Table

A4 Qur analysis sample is smaller than that of Lleras-Muney et al. (2025) because we use race-specific age distance
measures, which exclude approximately 1,500 students.
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2, and column (6) of Appendix Table A.11, respectively. In all cases, we observe a strong
relationship between friendship and age distance variables.

In Appendix Table A.11, we present supplementary information to Table 2, including results
for students of races other than Black and White, and differentiated returns for high- and low-
achieving students. Students of races other than Black and White do not show any difference
from White students in returns for one more friend. Column (3) presents estimation results for
high- and low-achieving students separately. The results indicate that low-achieving students
have smaller returns from additional friends, which might reflect differences in the friends
they have due to homophily. While having one more friend correlates with a 2.9% increase
in earnings for high-achieving students, it corresponds to a 1.5% increase for low-achieving
students. This difference is also observed in the 2SLS results in column (6) while the estimation
results are not precise. Again, the results remain within the estimated bounds from Lleras-Muney
et al. (2025).

Our estimation results are consistent with those of Lleras-Muney et al. (2025), even when
using race-specific age distance measures or dividing the sample by academic achievement.
Their baseline estimate suggests a 12.4% return to friendship, with bounds ranging from 6.5%
to 13.7%, assuming the return to education falls between 5% and 15% (see their Table 3).
As in their study, our OLS estimates are downward biased, since the number of friends may
be correlated with unobserved factors that also affect earnings. For example, behaviors like
partying and drinking—often motivated by the desire to socialize (Feldman et al. 1999; Kuntsche
et al. 2005)—may increase friendship ties but negatively impact long-term outcomes such as

educational attainment or job performance.
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Table A.9: Individual-Level Summary Statistics (Earnings Sample)

White Black Other All

GPA 2.9 2.6 2.9 2.8
Female (%) 51 58 51 53
Age 16 16 16 16
Number of Friends 380 297 288 3.30

High Performing (GPA>3) 247 158 1.66 2.00
Low Performing (GPA<3)  1.33 1.40 1.22  1.31

Cognitive Skills 106 97 98 101
Social Skills 047 044 038 043
Share (%) 44 21 35 100
Observations 3,957 1,949 3,175 9,081

Notes. The table presents individual-level summary statistics for White students, Black students,
students of other races (including Hispanic, Asian, American Indian, and other races), and the full
sample.
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Table A.10: First-Stage: Effects of Age Distance on the Number of Friendships

Outcomes are Number of Friends (D) 2) 3)
Age distance -1.102%*%*
(0.121)
Age distance to Black Peers 0.030
(0.107)
Age distance to White Peers -0.305
(0.295)
Age distance to Other Peers -0.329
(0.251)
Age distance to White Peers x White -0.276
(0.184)
Age distance to Black Peersx Black -0.433%*
(0.209)
Age distance to Other Peers x Other -0.254%*
(0.103)
Age distance to Low-Achieving Peers -0.537
(0.376)
Age distance to High-Achieving Peers -0.397
(0.388)
Age distance to Low-Achieving Peersx Low-Achieving -0.317
(0.516)
Age distance to High-Achieving Peers x Low-Achieving -0.074
(0.493)
F-stat of Homophily Measures 83.0 12.5 30.4
P-value 0.000 0.000 0.000
R? 0.041 0.040 0.046
Observations 9,059 9,059 9,047
Controls X X X

Notes. The table reports the first-stage results from the 2SLS estimation of equation 5. “Controls” refers to the
inclusion of control variables such as age, sex, race, social skill measure, cognitive skill measure, and school and
grade fixed effects. Age distance is the average age difference between a student and all other students in the same
school and grade. Age distance to Black (White or Other) peers is the average age difference between a student and
all Black (White or Other) students in the same school and grade. Black, White, and Other are dummy variables
equal to one if a student is Black, White, or another race, respectively. Other includes Hispanic, Asian, American

Indian, and all other races. Standard errors are clustered at the school level. *** p < .01, ** p < .05, * p < .1
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B Sensitivity Analysis

Table B.1: Summary of Sensitivity Analysis

Robustness Check

Description

Key Finding

Alternative achievement
measure

Within-club comparison

Mutual friendships only

Asymmetric GPA effect

Semiparametric GPA def-
inition

Inclusion of Hispanic stu-
dents

Use mother’s education instead of GPA
to address potential endogeneity from
GPA being influenced by friendships
(Appendix B.1)

Restrict dyads to students participating
in the same extracurricular activity to
ensure comparable exposure (Appendix
B.2)

Use only reciprocated friendship nom-
inations to test the robustness of the
friendship measure (Appendix B.3)
Distinguish between low-to-high and
high-to-low GPA nomination directions
to assess whether asymmetry matters
(Appendix B.4)

Use binary indicators for high vs. low
GPA instead of a continuous measure to
explore differences across GPA groups
(Appendix B.5)

Expand the sample to include Hispanic
students to test generalizability of find-
ings (Appendix B.6)

Results are qualitatively sim-
ilar

Patterns of homophily and
achievement sensitivity re-
main

Main findings hold
Results remain consistent;
asymmetry does not drive the

main findings

Patterns of homophily persist

Core findings remain consis-
tent
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B.1 Using Socioeconomic Status Instead of GPA

In this subsection, we analyze the distribution of socioeconomic status (SES) groups and
investigate friendship formation based on race and SES groups. We define socioeconomic status
using two indicators of family background: the mother’s educational attainment and whether
the student lives with both parents. The high SES group includes students whose mothers
have attained some college education or higher and who live with both parents. The remaining
students are classified into the low SES group. Our definition of the high SES group aligns with
the definition of the most advantaged group in Lundberg (2013).B-1

By utilizing SES groups based on family backgrounds, we address concerns about the reverse
causality between GPA and friendship formations. Instead of achievement affecting friendship
formation, friendship formation may affect academic achievements. However, the measurement
of the SES group is not affected by this issue as the SES group is a predetermined characteristic
of students.

Appendix Figure B.1 illustrates the distribution of socioeconomic status (SES) for Black
and White students. In Figure (a), White students comprise the majority in both SES categories
while Black students represent the minority. In Figure (b), the distribution of SES for Black and
White students is displayed after equalizing the shares of Black and White students. The figure
presents that 30 percent of Black students are in the high SES category, whereas 40 percent
of White students fall into the high SES category. Consequently, within their respective racial
groups, Black students have a smaller pool of potential high SES friends compared to White
students.

Appendix Table B.2 presents estimation results in equation (1) with and without covariates,
using the SES group instead of GPA. In column (1), if the SES groups differ, the probability
of friendship formation between two students decreases by 0.078 percentage points when the
overall mean is 0.53 percent. In column (2), when we control for additional characteristics,
including dyad-level characteristics (age and gender pairs) and demographic variables related

to the senders’ or receivers’ genders and ages, the coefficient becomes more pronounced. In

B-1 Although Lundberg (2013) defines the most advantaged group as students with both biological parents and high
maternal education, we use both parents instead as we cannot identify whether both parents of students are
biological parents from the in-school data that we use for the analysis.
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column (2), the results indicate that when the SES group differs, the probability of friendship
formation between two students in the school decreases by 0.089 percentage points.

In column (3), we find that different SES matters similarly between pairs of White students
and pairs of Black students. In column (4), We find similar results to those in column (3) after
controlling for dyad-level and individual-level characteristics. In column (5), we control for
sender and receiver fixed effects. Regardless of whether we control for individual fixed effects,
we find that the difference in SES matters similarly in friendship formation for Black and White
students. Moreover, the significance of the SES difference is more pronounced for within-race
friendships compared to across-race friendships, regardless of the control variables. Overall, our
findings remain consistent when using students’ pre-determined socioeconomic status instead of

GPA, helping to alleviate concerns about reverse causality.
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Fig. B.1. SES Distribution by Race
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Notes. The figure illustrates the distribution of SES for Black and White students. The sub-figure (a) illustrates the
distribution of SES with original Black and White shares. The sub-figure (b) illustrates the distribution of SES after

equalizing Black and White shares. High SES includes students in high maternal education and residence with both
parents.
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Table B.2: Friendship Formation by Race and SES

Dependent variable :
i nominating j as a friend (%)

(1) (2 (3) “4) 5
DifferentSES -0.078%**  -0.089***  -0.083***  _(0.090%**  -0.110%**
(0.014) (0.013) (0.019) (0.013) (0.015)
DifferentSES x BB -0.022 -0.038** -0.005
(0.042) (0.017) (0.032)
DifferentSES x BW 0.074%** 0.072%** 0.0517%**
(0.020) (0.020) (0.025)
DifferentSES xWB 0.063%** 0.073%%%* 0.061***
(0.021) (0.020) (0.023)
BB 0.211 0.267*
(0.129) (0.145)
BW -0.516%**%  _0.546%**
(0.063) (0.053)
WB -0.495%*% (0, 525%%*
(0.063) (0.053)
Constant 0.564*** 0.705%** 0.626%** 0.839%** 0.878%%**
(0.047) (0.103) (0.064) (0.129) (0.043)
Observations 30,156,736 30,156,736 30,156,736 30,156,736 30,156,736
Mean 0.530 0.530 0.530 0.530 0.530
Controls X X X
Individual FE X

Notes. The table presents coefficients and standard errors from estimation of equation (1). Units of observation
are directed dyads, based on the non-Hispanic Black and non-Hispanic White students who reported mothers’
education, residency with both parents, and individual characteristics (age, gender, and race). The dependent
variable takes the value of 1 if student i nominates student j as a friend. “DifferentSES” is a binary variable equal
to one if both students are in a different SES group. B indicates Black student and W indicates White student. BW
is an indicator that the sender is a Black student and the receiver is a White student. “Mean” refers to the average
probability of forming friendships. “Controls” indicate the controlling demographic variables including gender and
age of senders and receivers, difference in age within pairs, and school fixed effects. “Individual FE” indicates that
individual fixed effects of senders and receivers are controlled for. Standard errors are clustered at the school level.
¥k p < .01, % p< .05, % p<.1
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B.2 Friendship Formation by Race and Achievement: Within the Same

School Club

In Appendix Table B.3, we examine whether the difference in GPA has varying implications
for friendship formation when students are members of the same social club or not. The variable
Club indicates whether the two students are both members of at least one social club. Our
findings show that students who share membership in a club are more likely to form friendships
compared to those who do not share club membership. Furthermore, we observe that the
difference in GPA matters more on friendship formation for student pairs who are part of the
same club (Club x dGPA). In other words, when students belong to the same club—where they
are expected to know one another—the likelihood of forming friendships decreases more as GPA
differences increase. These findings address concerns that the formation of friendships is solely
influenced by exposure rather than the active choice of students. In addition, we do not find
a significant difference between White-White pairs and Black-Black pairs, regardless of their
involvement in the social club (Club x dGPA x BB and dGPA x BB). Moreover, the significance
of the achievement difference is more pronounced for within-race friendships compared to

across-race friendships, regardless of the control variables.
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Table B.3: Friendship Formation by Race and Achievement: Within School Clubs

Dependent variable :

i nominating j as a friend (%)

(1) (2)
Club x dGPA -0.355%** -0.353 %%
(0.046) 0.041)
Club x dGPA x BB 0.103 0.116
(0.095) (0.085)
Club x dGPA x BW  (0.283%%* 0.288%**
(0.046) (0.044)
Club x dAGPA xWB  (0.285%** 0.290%**
(0.045) (0.042)
Club x BB -0.123 -0.106
(0.230) (0.199)
Club x BW -0.962%** -0.936%**
(0.109) (0.107)
Club xWB -0.923%%* -0.896%**
(0.107) (0.104)
Club 1.242%%% 1.096%**
0.110) (0.098)
dGPA -0.130%** -0.127%%*
(0.016) (0.015)
dGPA x BB 0.012 0.002
(0.030) (0.032)
dGPA x BW 0.113%** 0.100%**
(0.016) (0.016)
dGPA xWB 0.108%*** 0.100%**
(0.016) (0.016)
BB 0.207 0.228
(0.125) (0.140)
BW -0.434%** -0.489%**
(0.057) (0.052)
WB -0.413%%* -0.470%**
(0.057) (0.052)
Constant 0.526%** 0.592 %%
(0.058) (0.125)
Observations 36,183,256 36,183,256
Mean 0.5 0.5
Controls X

Notes. The table presents coefficients and standard errors from estimation of equation (1). Units of observation
are directed dyads, based on the non-Hispanic Black and non-Hispanic White students who reported GPAs and
individual characteristics (age, gender, and race). The dependent variable takes the value of 1 if student i nominates
student j as a friend. dGPA indicates a difference in average GPA within a pair of students. Club is a binary
variable equal to one if both students were in at least one extracurricular activity. B indicates Black students, and W
indicates White students. BW is an indicator that the sender is a Black student and the receiver is a White student.
“Mean” refers to the average probability of forming friendships. “Controls” indicate the controlling demographic
variables including gender and age of senders and receivers, difference in age within pairs, and school fixed effects.
Standard errors are clustered at the school level. *** p < .01, ** p < .05, * p < .1
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B.3 Mutual Friendship Measures

In our dyadic analysis, we measure friendships based on directed numbers, where one student
(i) directs another (j) as their friend. However, in Appendix Table B.4, we examine the sensitivity
of our friendship measure by using a stricter definition of friendship: mutual friendship, where
both students mutually direct each other as friends. While this stricter definition results in a
smaller probability of forming friendships compared to the baseline measure, our findings are
qualitatively unchanged. The difference in GPA matters again similarly between pairs of Black
students and pairs of White students (dGPA x BB). Additionally, we find that the difference
in GPA matters less on across-race friendship formations compared to within-race friendships
(dGPA x BW and dGPA x WB).

Moreover, we alternatively define the mutual friendship measure, where if at least one student
directs the other as a friend, both the i — j and j — i pairs are considered as forming friendships.
The results are presented in Appendix Table B.5. This looser definition of friendship results
in a higher probability of forming friendships compared to our baseline measure. However,
our findings are qualitatively unchanged. The difference in GPA matters once again similarly
between pairs of Black students and pairs of White students. We find that the difference in GPA

matters less on across-race friendship formations compared to within-race friendships.
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Table B.4: Friendship Formation by Race and Achievement: Mutual Friendship (Both)

Dependent variable :
i nominating j as a friend (%)

&) (@) 3 “ o)

dGPA -0.095%#*  -0.078%***  -0.112%**  -0.093%**  -0.13]#**
(0.010) (0.008) (0.013) (0.011) (0.015)
dGPA x BB 0.036* 0.022 0.034
(0.021) (0.022) (0.025)

dGPA x BW 0.100%**  0.086%**  0.104***
(0.013) (0.012) (0.013)

dGPA xWB 0.100%**  0.086%**  0.104***
(0.013) (0.012) (0.013)

BB 0.002 0.026 0.928:#*
(0.065) (0.069) (0.108)
BW -0.295%#%  -(0.296%** 0.000
(0.035) (0.029) (0.000)
WB -0.295%**  -0.296%H* 0.000
(0.035) (0.029) (0.000)

Constant 0.289#:#* 0.088 0.335*#%  (.178***  (.373%**

(0.026) (0.054) (0.036) (0.064) (0.021)
Observations 36,183,256 36,183,256 36,183,256 36,183,256 36,183,256

Mean 0.208 0.208 0.208 0.208 0.208
Controls X X X
Individual FE X

Notes. The table presents coefficients and standard errors from estimation of equation (1). Units of observation
are directed dyads, based on the non-Hispanic Black and non-Hispanic White students who reported GPAs and
individual characteristics (age, gender, and race). The dependent variable takes the value of 1 if student i and
student j both listed each other as a friend. dGPA indicates a difference in average GPA within a pair of students. B
indicates a Black student, and W indicates a White student. BW is an indicator that the sender is a Black student
and the receiver is a White student. “Mean” refers to the average probability of forming friendships. “Controls”
indicate the controlling demographic variables including gender and age of senders and receivers, difference in
age within pairs, and school fixed effects. “Individual FE” indicates that individual fixed effects of senders and
receivers are controlled for. Standard errors are clustered at the school level. *** p < .01, ** p < .05, * p < .1
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Table B.5: Friendship Formation by Race and Achievement: Mutual Friendship (Either)

Dependent variable :
i nominating j as a friend (%)

&) (@) 3 “ o)
dGPA -0.282%#% Q251 **  -0.319%**F  -0.284%**F  (.388H**
(0.028) (0.023) (0.037) (0.032) (0.041)
dGPA x BB 0.058 0.012 0.041
(0.067) (0.069) (0.074)
dGPA x BW 0.270**%  (0.2209%**  (.289%**
(0.036) (0.033) (0.038)
dGPA xWB 0.270%**  (0.229%%%  (.289***
(0.036) (0.033) (0.038)
BB 0.334 0.475* 3.574%%*
(0.267) (0.275) (0.398)
BW -0.926%#*  -(0.935%** 0.000
(0.122) (0.093) (0.000)
WB -0.926%**  -0.935%H* 0.000
(0.122) (0.093) (0.000)
Constant 1.060%#* 1.299%#:%* 1.168%#* 1.546%#%* 1.503%3#

(0.094) (0.147) (0.125) (0.200) (0.080)
Observations 36,183,256 36,183,256 36,183,256 36,183,256 36,183,256

Mean 0.817 0.817 0.817 0.817 0.817
Controls X X X
Individual FE X

Notes. The table presents coefficients and standard errors from estimation of equation (1). Units of observation
are directed dyads, based on the non-Hispanic Black and non-Hispanic White students who reported GPAs and
individual characteristics (age, gender, and race). The dependent variable takes on the value of 1 if at least one
of students i and j listed another student as a friend. dGPA indicates a difference in average GPA within a pair
of students. B indicates a Black student, and W indicates a White student. BW is an indicator that the sender is a
Black student and the receiver is a White student. “Mean” refers to the average probability of forming friendships.
“Controls” indicate the controlling demographic variables including gender and age of senders and receivers,
difference in age within pairs, and school fixed effects. “Individual FE” indicates that individual fixed effects of
senders and receivers are controlled for. Standard errors are clustered at the school level. *** p < .01, ** p < .05,
*p<.1
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B.4 Asymmetric GPA Measures

In Appendix Table B.6, we further examine whether the GPA gap matters differently when
students direct another with a higher or lower GPA. The variable ReceivingHighGPA indicates
that the sender student (i) has a lower GPA than the receiver student (j). We find that the
relationship between the GPA gap and friendship formation is weaker when the receiver has
a higher GPA (ReceiverHighGPA x dGPA). This suggests that the difference in GPA matters
differently when a student directs another student with a higher or lower GPA. However,
we do not find a significant difference between White-White pairs and Black-Black pairs,
regardless of the direction from lower GPA to higher GPA or higher GPA to lower GPA

(ReceiverHighGPA X dGPA x BB and dGPA X BB).
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Table B.6: Friendship Formation by Race and Achievement: Asymmetric GPA

Dependent variable :

i nominating j as a friend (%)

1) (2)
ReceiverHighGPA x dGPA 0.0327%%* 0.132%**
(0.006) (0.016)
ReceiverHighGPA x dGPA x BB -0.018 -0.015
(0.021) (0.020)
ReceiverHighGPA x dGPA x BW  -0.040%** -0.046%**
(0.009) (0.014)
ReceiverHighGPA x dGPA x WB 0.003 0.006
(0.012) (0.014)
ReceiverHighGPA x BB 0.033 0.029
(0.025) (0.023)
ReceiverHighGPA x BW 0.021%** 0.017*
(0.008) (0.010)
ReceiverHighGPA X WB 0.024%** 0.031%*%*
(0.011) (0.011)
ReceiverHighGPA -0.030%** -0.019%**
(0.007) (0.005)
dGPA -0.2209%*%* -0.253%**
(0.027) (0.028)
dGPA x BB 0.054 0.022
(0.044) (0.045)
dGPA x BW 0.209%#** 0.187%#**
(0.026) (0.024)
dGPA xWB 0.186%*** 0.158**
(0.026) (0.025)
BB 0.153 0.240
(0.164) (0.169)
BW -0.631%** -0.636%**
(0.079) (0.061)
WB -0.608%*** -0.616%**
(0.079) (0.061)
Constant 0.762%** 0.868***
(0.081) (0.129)
Observations 36,519,842 36,183,256
Mean 0.5 0.5
Controls X

Notes. The table presents coefficients and standard errors from estimation of equation (1). Units of observation
are directed dyads, based on the non-Hispanic Black and non-Hispanic White students who reported GPAs and
individual characteristics (age, gender, and race). The dependent variable takes the value of 1 if student i nominates
student j as a friend. ReceiverHighGPA takes the value of 1 if the nominated student j has higher GPA than the
student i. dGPA indicates a difference in average GPA within a pair of students. B indicates a Black student, and W
indicates a White student. BW is an indicator that the sender is a Black student and the receiver is a White student.
Mean is the average probability of forming friendships. Controls indicate the controlling demographic variables
including gender and age of senders and receivers, difference in age within pairs, and school fixed effects. Standard
errors are clustered at the school level. *** p < .01, ** p < .05, * p < .1
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B.5 Semiparametric GPA Measures

We explore whether low and high GPA students exhibit different patterns when they form
friendships with low and high GPA peers. We divide students into two GPA groups: low (average
GPA 1-3) and high (average GPA 3-4). Then, we examine the difference across races when
a student 7 with a low (or high) GPA forms a friendship with a student j with a low (or high)
GPA. The results are presented in Appendix Table B.7. First, we observe a higher probability of
forming friendships within the same GPA groups than across GPA groups. Particularly, stronger
homophily exists among high GPA students. Regardless of whether a student with a low (or
high) GPA forms friendships with a student with a low (or high) GPA, however, the GPA gap
matters less or similarly to Black-Black pairs compared to White-White pairs. Additionally,
we further explore the differences using three levels of GPA: low (average GPA 1-2.5), middle
(average GPA 2.5-3.25), and high (average GPA 3.25-4), as shown in Appendix Table B.8. Once
again, we find that the GPA gap matters similarly or less on friendships for Black-Black pairs

compared to White-White pairs.
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Table B.7: Friendship Formation by Race and Achievement: Semiparametric Low-High

Dependent variable :
i nominating j as a friend (%)

(1) (2)
GPAi : low x GPAj : high x BW 0.0607%** 0.053**
(0.022) (0.021)
GPAi :low x GPAj : highx WB  0.113%%* 0.104***
(0.025) (0.021)
GPAi : low x GPAj : high x BB 0.076 0.069%**
(0.047) (0.031)
GPAi : high x GPAj : low x BW 0.115%%* 0.106%**
(0.024) (0.021)
GPAi : high x GPAj :low x WB 0.060%* 0.053%*
(0.023) (0.023)
GPAi : high x GPAj : low X BB 0.040 0.032
(0.045) (0.027)
GPAi : high x GPAj : high x BW  -0.214%%%* -0.22] ***
(0.075) (0.055)
GPAi : high x GPAj : highx WB  -0.209%%** -0.216%**
(0.075) (0.053)
GPAi : high x GPAj : high X BB 0.174 0.126
(0.244) (0.192)
GPAi : low x GPAj : high -0.074%%* -0.066%**
(0.021) (0.009)
GPAi : high x GPAj : low -0.087*** -0.089%***
(0.023) (0.012)
GPAi : high x GPAj : high 0.298*** 0.283%**
(0.075) 0.041)
BB 0.214* 0.237*
(0.114) (0.129)
BW -0.452%%* -0.499%**
(0.057) (0.052)
WB -0.429%%* -0.473%%*
(0.057) (0.052)
Constant 0.548%*** 0.846%***
(0.058) (0.124)
Observations 36,183,256 36,183,256
Mean 0.5 0.5
Controls X X

Notes. The table presents coefficients and standard errors from estimation of equation (1), with GPA difference
defined in intervals (high and low) rather than continuously. Units of observation are directed dyads, based on
the non-Hispanic Black and non-Hispanic White students who reported GPAs and individual characteristics (age,
gender, and race). The dependent variable takes the value of 1 if student i nominates student j as a friend. B
indicates a Black student, and W indicates a White student. BW is an indicator that the sender is a Black student
and the receiver is a White student. “Mean” refers to the average probability of forming friendships. “Controls”
indicate the controlling demographic variables including gender and age of senders and receivers, difference in age
within pairs, and school fixed effects. Standard errors are clustered at the school level. *** p < .01, ** p < .05, *
p<.l
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Table B.8: Forming Friends and Difference in GPA: Semiparametric Low-Middle-High

Dependent variable :
i nominating j as a friend (%)

1) (2)
GPAi : low x GPAj : middle x BW 0.086%** 0.093%#**
(0.018) (0.024)
GPAi : low x GPAj : middle x WB 0.093%** 0.08 1%**
(0.017) (0.020)
GPAi : low x GPAj : middle x BB 0.046 0.057
(0.044) (0.039)
GPAi : low x GPAj : high x BW 0.187%** 0.167#**
(0.032) (0.034)
GPAi : low x GPAj : high x WB 0.241%** 0.217%#**
(0.035) (0.034)
GPAi : low x GPAj : high x BB 0.107** 0.099%*
(0.052) (0.039)
GPAi : middle x GPAj : low x BW 0.104%%* 0.090%**
(0.018) (0.024)
GPAi : middle x GPAj : low x WB 0.080%** 0.086%**
(0.020) (0.026)
GPAi : middle x GPAj : low x BB 0.076* 0.084%#**
(0.041) (0.031)
GPAi : middle x GPAj : middle x BW  0.003 0.021
(0.031) (0.039)
GPAi : middle x GPAj : middle x WB  -0.001 0.018
(0.033) (0.038)
GPAi : middle x GPAj : middle x BB 0.076 0.094
(0.097) (0.078)
GPAi : middle x GPAj : high x BW 0.012 -0.008
(0.047) (0.043)
GPAi : middle x GPAj : high x WB 0.032 0.041
(0.048) (0.042)
GPAi : middle x GPAj : high x BB 0.230 0.204
(0.173) (0.139)
GPAi : high x GPAj : low x BW 0.248%** 0.224%#%*
(0.033) (0.033)
GPAi : high x GPAj : low x WB 0.179%** 0.160%***
(0.033) (0.035)
GPAi : high x GPAj : low x BB 0.090%* 0.083*
(0.051) (0.038)
GPAi : high x GPAj : middle x BW 0.068 0.078*
(0.047) (0.040)
GPAi : high x GPAj : middle x WB 0.019 0.001
(0.047) (0.043)
GPAi : high x GPAj : middle x BB 0.153 0.131
(0.151) (0.117)
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Table B.8: Friendship Formation by Race and Achievement: Semiparametric Low-Middle-High
(Continued)

Dependent variable :
i nominating j as a friend (%)

(1) (2)
GPAi : high X GPAj : high x BW  -0.207*%* -0.229%%*%
(0.091) (0.070)
GPAi : high x GPAj : highx WB  -0.209%* -0.229%*%*
(0.090) (0.066)
GPAi : high x GPAj : high x BB 0.233 0.165
(0.305) (0.245)
GPAi : low x GPAj : middle -0.085%%** -0.067%**
(0.015) (0.009)
GPAi : low x GPAj : high -0.211%** -0.178%*%*
(0.030) (0.020)
GPAi : middle x GPAj : low -0.098%*** -0.087***
0.017) (0.011)
GPAi : middle x GPAj : middle 0.018 0.031**
(0.028) (0.015)
GPAi : middle x GPAj : high 0.013 0.037**
(0.045) (0.016)
GPAi : high X GPAj : low -0.229%%* -0.210%**
(0.032) (0.024)
GPAi : high x GPAj : middle -0.005 0.014
(0.044) (0.015)
GPAi : high X GPAj : high 0.307*** 0.318%**
(0.090) (0.050)
BB 0.173* 0.197*
0.101) (0.118)
BW -0.500%** -0.544%**
(0.061) (0.055)
WB -0.469%*%* -0.51 %%
(0.061) (0.055)
Constant 0.592#** 0.877%%*
(0.062) (0.124)
Observations 36,183,256 36,183,256
Mean 0.5 0.5
Controls X

Notes. The table presents coefficients and standard errors from estimation of equation (1), with GPA difference
defined in intervals (high, middle, and low) rather than continuously. Units of observation are directed dyads, based
on the non-Hispanic Black and non-Hispanic White students who reported GPAs and individual characteristics
(age, gender, and race). The dependent variable takes the value of 1 if student i nominates student j as a friend. B
indicates a Black student, and W indicates a White student. BW is an indicator that the sender is a Black student
and the receiver is a White student. “Mean” refers to the average probability of forming friendships. “Controls”
indicate the controlling demographic variables including gender and age of senders and receivers, difference in age
within pairs, and school fixed effects. Standard errors are clustered at the school level. *** p < .01, ** p < .05, *
p<.l
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B.6 Including Hispanic Students

We examine whether including Hispanic students affects our results by expanding the analysis
sample to include Hispanic students and adding corresponding interaction terms to regression
equation (1). The added variables are: B;H;, W;H;, H;H;, H;W;, H;B;, and their interactions
with GPA differences: d;; X BiH |, d;j x WiH, d;; x HiH , d;; x HiW;, and d;; x H;B;. As shown
in Appendix Table B.9, the inclusion of Hispanic students does not significantly alter our
main findings. GPA differences remain similarly important for friendship formation among
Black—Black and White—White pairs (d GPA x BB) and are less influential for Black—White pairs

(dGPA x BW).
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Table B.9: Friendship Formation by Race and Achievement: Including Hispanic Students

Dependent variable :

i nominating j as a friend (%)

(1) (2)
dGPA -0.216%** -0.195%%*
(0.025) (0.022)
dGPA x BB 0.047 0.022
(0.044) (0.045)
dGPA x BW 0.188*** 0.163%**
(0.025) (0.023)
dGPA x BH 0.186%** 0.158**%*
(0.028) (0.026)
dGPA X WB  0.182%%** 0.160%**
(0.024) (0.023)
dGPAXWH  0.110%** 0.104%**
(0.023) (0.020)
dGPA xHH  0.1571%** 0.117%**
(0.034) (0.034)
dGPA x HW  (Q.117%%* 0.107%%*
(0.023) (0.019)
dGPA x HB 0.180%** 0.1527%%%*
(0.028) (0.025)
BB 0.168 0.234
(0.166) (0.152)
BW -0.624%%** -0.612%**
(0.078) (0.059)
BH -0.54 1 %** -0.324%%*
(0.095) (0.066)
WB -0.597%%* -0.587***
(0.078) (0.058)
WH -0.3607%** -0.261%%*
(0.071) (0.050)
HH -0.427%%%* -0.060
(0.132) (0.074)
HW -0.3837%%** -0.281***
(0.070) (0.048)
HB -0.535%*% -0.315%%*
(0.094) (0.067)
Constant 0.752%%* 0.876%**
(0.080) (0.092)
Observations 53,008,910 53,008,910
Mean 0.433 0.433
Controls X

Notes. The table presents coefficients and standard errors from estimation of equation (1). Units of observation
are directed dyads, based on the non-Hispanic Black, non-Hispanic White, and Hispanic students who reported
GPAs and individual characteristics (age, gender, and race). The dependent variable takes the value of 1 if student i
nominates student j as a friend. dGPA indicates a difference in average GPA within a pair of students. B, W, and H
indicate a Black, White, and Hispanic student, respectively. “Mean” refers to the average probability of forming
friendships. “Controls” indicate the controlling demographic variables including gender and age of senders and
receivers, difference in age within pairs, and school fixed effects. Standard errors are clustered at the school level.
¥k p < .01, %% p< .05, *% p<.1
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