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ABSTRACT
Foreign Peer Effects and STEM Major Choice’

Since the 1980s the United States has faced growing disinterest and high attrition from
STEM majors. Over the same period, foreign-born enrollment in U.S. higher education has
increased steadily. This paper examines whether foreign-born peers affect the likelihood
American college students graduate with a STEM major. Using administrative student
records from a large public university in California, we exploit idiosyncratic variation in
the share of foreign peers across introductory math courses taught by the same professor
over time. Results indicate that a 1 standard deviation increase in foreign peers reduces
the likelihood native-born students graduate with STEM majors by 3 percentage points —
equivalent to 3.7 native students displaced for 9 additional foreign students in an average
course. STEM displacement is offset by an increased likelihood of choosing Social Science
majors. However, the earnings prospects of displaced students are minimally affected
as they appear to be choosing Social Science majors with equally high earning power.
We demonstrate that comparative advantage and linguistic dissonance may operate as
underlying mechanisms.
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1 Introduction

Waning interest in Science, Technology, Engineering and Mathematics (STEM) fields has re-
mained a significant issue in the United States. In 1985, nearly 1-in-3 bachelor’s degrees awarded
were to students who majored in STEM. By 2010 that figure shrank to less than 1-in-4 (Figure
[[). In global assessments, American primary and secondary students lag far behind students of
other nations in math and science During college, statistics indicate that nearly 50% of students
entering as STEM majors end up switching to non-STEM majors or dropping out (Chen, [2013).
While legislators have designed policies to boost the attainment and growth of STEM skills, our
understanding of the factors which impact major choices remain limited.

Alongside the secular decline in the share of degrees awarded in STEM, the U.S. also sustained
large inflows of foreign-born students into its colleges and universities. Figure [I| shows the share
of foreign-born students in postsecondary institutions grew from 7.5% in 1980 to 13% by 2010.
Since 1965, family reunification has served as a pillar of U.S. immigration policy (Duleep and
Regets, 2014), allowing the entry of immigrant children, many of whom would eventually pursue
college degrees. Very recent years have seen surges in foreign-born “international students”, who
are admitted solely for higher education and are legally required to return home immediately upon
completion of their education. This paper proposes a new, previously unexplored factor driving
STEM attrition - we examine whether foreign-born peers displace native students from STEM
majors.

Dwindling STEM educational attainment, particularly during college, engenders negative eco-
nomic consequences at both the individual and aggregate levels. Relatively higher average earnings
associated with a STEM degree has been a long persistent feature of the U.S. skilled labor market.
However, recent evidence has magnified the importance of major choice. First, the difference in
earnings across high and low paying majors has been shown to be as large as the college/non-
college wage gap (Altonji, Blom and Meghir, 2012)E] Second, earnings inequality across majors
has been growing over time (Altonji, Kahn and Speer, [2014). Finally, using quasi-experimental
data on students in Norway, where graduating high school students apply to college by submitting
a ranking of college-major pairs, Kirkeboen, Leuven and Mogstad (2016) find that the returns to
high paying majors are even greater than the returns to attending a selective institution. Therefore,

factors that impact individual choices over field of study not only may have profound influence on

ISee PISA! (2015), for example.

2Altonji, Blom and Meghir (2012) show that even after conditioning on basic demographics and potential experi-
ence, the log wage gap between Mathematics/Computer Science majors relative to General Education majors (0.638
log points for males, 0.722 log points for females) is even larger than the college vs. high school wage gap (0.577 log
points).



individual future earnings, but may also explain observed patterns in earnings inequality among
skilled workers.

At the aggregate level, a shrinking supply of STEM skills may hinder economic growth. In-
dividuals with expertise in science and engineering have been the main engine of technological
progress and innovation (Griliches, [1992; Jones, |1995). Innovation and technological advance, in
turn, are key drivers of economic growth. Recent evidence has linked growth in the supply of
skilled scientists and engineers with greater innovation (Kerr and Lincoln, 2010) and labor market
productivity (Per1, Shih and Sparber, 2015). Over the long run, changes in the types of skills pro-
duced in higher education will impact the supply of skills available in the labor market, which may
ultimately affect innovation and growth.

These concerns have stimulated inquiry towards identifying factors affecting STEM major
choice. At the individual level, poor preparation (Stinebrickner and Stinebrickner, 2011) or un-
derestimation of the true returns to STEM majors (Wiswall and Zafar, |[2015) have been associated
with disinterest in STEM. Within higher education, studies have identified a lack of role models
and improper matching of students to universities as perpetuators of gender and racial differences
in STEM attainment (e.g. Carrell, Page and West, 2010; Arcidiacono, Aucejo and Hotz, [2016).
Related to immigration, recent studies attribute reductions in STEM majors to inflows of foreign
STEM workers (Orrenius and Zavodny, 2015; Ransom and Winters, 2016). While research on
major choice continues, existing studies remain far from conclusive in elucidating the factors gen-
erating disinterest and attrition from STEM majors.

Even though foreign students comprise over 13% of all undergraduates in the U.S., the aca-
demic literature on the impacts of foreign peers has solely focused on primary and secondary
education, often in other countries. While informative, the few existing studies produce conflict-
ing findings. Using variation in PISA test scores from students across 27 countries, Brunello and
Rocco (2013) find that increases in immigrant students in secondary schooling are associated with
small reductions in the test scores of native-born students. Focusing on Israel after the fall of the
Soviet Union, Gould, Lavy and Daniele Paserman (2009) relate the fraction of immigrants in the
Sth grade to high school test scores. Their results indicate that exposure to immigrant peers in the
5th grade is associated with lower test scores during high school. Ballatore, Fort and Ichino| (2015])
examine Italian primary schools and find sizable negative impacts of immigrant students on native
students’ performance in language and math at age 7, that also persist over time.

In contrast, several papers produce quite different findings on the impact of foreign peers. Ohi-
nata and Van Ours| (2013, 2016) study whether immigrant peers affect the test scores of native
Dutch children. Using variation across classes within schools, they do not find evidence of nega-

tive impacts on reading, math, or science test scores. Similarly, |(Geay, McNally and Telhaj| (2013)
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analyze immigrant peers in England, and do not find evidence of negative impacts on native stu-
dents’ reading, writing, or math tests scores in primary school. [Conger| (2015) uses administrative
data on public high school students in Florida and finds no effect of school immigrant shares on
immigrant and native-born students academic performance. Finally, Diette and Oyelere| (2012,
2014)) examine immigrant peers in North Carolina public schools. Interestingly, their results indi-
cate positive impacts at the middle to lower end of the ability distribution, and negative impacts
towards the top[]

Several ideas motivate the link between foreign peers and STEM major choice. First, uncon-
ditionally, foreign students exhibit a higher predilection for STEM fields than natives Therefore,
natives in STEM fields are likely to be exposed to more foreign peers than in non-STEM fields.
Second, by virtue of their weak English proficiency, foreign students are likely to possess a com-
parative advantage in STEM majors. In response, native students may believe that they possess
a comparative disadvantage in STEM fields and switch to non-STEM fields, similar to observed
occupational switches made by natives due to immigrant competition in the workplace (Peri and
Sparber;, 2009, |2011). Third, recent studies have found that disruptions in the classroom environ-
ment can have lasting negative impacts (Carrell and Hoekstra, 2010; (Carrell, Hoekstra and Kuka),
2016)). Foreign peers may similarly alter the classroom environment due to their low English pro-
ficiency (Borjas, 2000). Instructors may slow the pace of instruction or divert attention away from
natives and towards foreign students. Differently, if foreign students are less communicative, this
may reduce the scope for positive externalities that arise from peer-to-peer or peer-to-instructor
interactions.

This paper aims to estimate the impact of foreign peers on native STEM major choice. To do so,
we utilize administrative student-level data from a large, selective public university in California,
which covers the academic years 2000-01 through 2011-12. The data contains the roster of every
course along with background characteristics and outcomes for each student. Our empirical design
relates foreign peer exposure of U.S.-born first-term freshmen in introductory math courses to
eventual graduation with a STEM/non-STEM degree.

We consider introductory math courses as an appropriate setting to look for foreign peer im-
pacts on eventual STEM degree attainment. Such courses (see Table [I)), which are primarily

calculus-based, have long been considered a gateway class for STEM majors (Steen, |1988). Addi-

3There have been a small number of inquiries into postsecondary education, however studies remain focused
solely on international students. Furthermore, the key question of interest in this literature has been over whether
international students crowd natives out of or into higher education (Hoxbyl |1998;; |Borjas| 2004; |Shih, 20164). We are
not aware of any studies that have examined impacts on intensive-margin outcomes in college.

“Recent statistics show that nearly 40% of foreign bachelor’s recipients major in STEM, while
the comparable figure for natives is only 31%. See NSF Science and Engineering Indicators 2012:
https://www.nsf.gov/statistics/seind 12/c2/c2s2.htm


https://www.nsf.gov/statistics/seind12/c2/c2s2.htm

tionally, satisfying at least one of these introductory math courses is required for all STEM majors,
and even several non-STEM majors. Thus, any individual considering majoring in STEM must
take an introductory math course to keep the possibility of majoring in STEM as a viable option.
Additionally, taking one of these courses also satisfies a university-wide quantitative course re-
quirement. Therefore, in our data, 70% of all students take one of these classes at some point
during their studiesE]

We limit our main analysis to native freshmen in their first term of enrollment to reduce the
potential for selection bias and limit the potential for foreign peer exposure in prior college courses.
First-term freshmen students register during the summer before their first fall term, making it
difficult for them to gain knowledge of the composition of particular classes as they fill up. For
each course taught by a specific professor in a given term (“class’), we measure the composition
just prior to the first day of instruction to ensure the rosters do not reflect withdrawal or additions
to the class after students have had a chance to observe their peers .

Our identifying variation exploits changes in the foreign share within courses taught by the
same instructor/professor over timeﬁ Our motivation follows from the ideal experiment, which
would hold fixed the instructor and course, in addition to all other factors, and only vary the share
of foreign peers. The data exhibits substantial variation in the foreign share within course-professor
pairs. Endogenous selection within course-professor pairs could manifest in students waiting to
take an introductory math course with a particular professor when the class peer composition is
preferable. However, new students are unlikely to reliably predict when a particular professor will
teach a particular course in the future. Professors themselves are often not informed of future
teaching assignments until late in the term prior.

We test for selection into these courses by regressing the foreign class share on individual
background characteristics, including race, gender, and ability measures. These checks show no
consistent evidence of selection and support the notion that the variation in the foreign share within
courses taught by the same instructor is as good as random. Additionally, because introductory
math classes have high enrollment caps that never bind, our estimates are not confounded by
mechanical crowd-out, whereby the entry of foreign students prevents some native students from
registering for the class. Further, our estimates remain robust when controlling for bias arising
from contemporaneous shocks, such as increases in class size associated with more foreign peers.

We find evidence that foreign peers lower the likelihood of graduating with a STEM major.

3The remaining 30% that do not ever take one of these classes are very likely to be “never-takers”, who know
early-on that they have no desire to major in STEM. They satisfy the quantitative course requirement through another
class (e.g. Statistics).

6Similar identifying strategies that rely on idiosyncratic variation include (Carrell and Hoekstra (2010), Hoxby
(2000) and |Anelli and Peri| (2016))



A 1 standard deviation increase in the foreign share in the introductory math class reduces the
probability of graduating in STEM by roughly 3 percentage points, or 6% of the mean. This implies
that for an average-sized class, an additional 9 foreign students displaces 3.7 native freshmen
from graduating with STEM majors. This finding is stable across various levels of controls and
robustness checks. A placebo test assures foreign peer effects come from exposure in introductory
math courses, and not in other classes.

Natives displaced from STEM ultimately graduate with Social Science majors. We find little
evidence of students switching to Arts & Humanities majors, or dropping out. To better charac-
terize the nature of switches away from STEM majors, we link measures of expected earnings to
each individual’s major at graduation. Analyses which use major-specific expected earnings as the
outcome indicate that native students are not displaced into lower paying majors—they appear to be
choosing Social Science majors that have equal earning power relative to the STEM majors they
leave. Thus, although foreign peers displace natives from STEM, they do not appear to affect their
earnings prospects.

Additional analyses do not indicate any impacts on immediate, short-term outcomes such as
the likelihood of withdrawing from the course, or introductory math grades. Dynamic analysis
reveals that much of the formal transfer from STEM to Social Sciences majors takes place during
the 2nd and 3rd years of college.

Further, the major choices of foreign students do not appear to be impacted by higher exposure
to foreign peers. Results suggest that foreign students pursue STEM degrees at the same rate,
irrespective of foreign peer composition. Thus, the displacement we observe for native students
is not offset by an increased likelihood of foreign students persisting in STEM. This suggests that
an increase in the presence of foreign born students in the classroom might reduce the aggregate
number of STEM graduates.

We explore several potential mechanisms to explain our findings. First, foreign students may
alter natives beliefs over their comparative advantage. We measure comparative advantage of each
individual in STEM and non-STEM majors by comparing their baseline ability in STEM relative
to non-STEM, against the average STEM to non-STEM ability of peers in their cohort. To proxy
for STEM and non-STEM ability, we utilize individual SAT math and verbal scores, which have
been shown to be good predictors of STEM and non-STEM major choice (Turner and Bowen,
1999). Analysis along the dimension of comparative advantage indicates the native students most
affected are those with very low comparative advantage in STEM majors. Natives with middle to
high values of comparative advantage in STEM do not appear to be affected. These results are
consistent with the notion that natives respond according to comparative advantage.

Second, we find evidence that the low English proficiency of foreign peers may generate lin-

6



guistic dissonance that negatively affects the learning environment. When classes have a large
share of students who cannot effectively communicate in English, this may reduce the scope for
positive externalities that arise from peer-to-peer or peer-to-instructor interactions. Furthermore,
instructors may have to slow instruction to accommodate non-fluent students. We examine whether
linguistic dissonance may be an underlying mechanism by assigning each foreign peer a measure
of the linguistic distance of the predominant language spoken in their home country from English
from (Chiswick and Miller| (2005). Results indicate that exposure to foreign peers whose native
tongues are very distant from English has a larger impact on displacement. Foreign peers whose
native tongues are more similar to English, however, still have a negative and statistically signifi-
cant impact on the likelihood of majoring in STEM.

Finally, the granularity of our data reveals two very different types of foreign students. In-
formation on student visas allow us to separately identify international students from immigrant
students, which include permanent residents, foreign-born U.S. citizens, and undocumented in-
dividuals. Descriptive statistics indicate that although their composition in terms of countries of
origin is similar, international students are very highly selected, exhibiting background ability mea-
sures that are even higher than native students. Exploring heterogeneous impacts between these
two types of foreign peers informs current issues surrounding rising international student enroll-
ment. We find that international students actually increase the probability of STEM completion.
Immigrant students are the group driving the overall negative impacts on native STEM completion.

We proceed by describing the institutional setting and our data in the next section. Section
details our empirical framework and provides tests of selection on observables. Results and
robustness checks are presented in section 4] Section [5] describes and tests various mechanisms

underlying our main findings. Section [6] concludes.

2 Data

2.1 Institutional Setting

This paper uses administrative student records from a public, land-grant university in California.
This university has current enrollment over 30,000, roughly 80% of whom are undergraduates. The
institution can be characterized as a selective, Research I university that ranks consistently among
the top 20 public universities in the U.S. Average SAT scores of incoming students are higher than
the national average, usually by at least one standard deviation.

This university, like many postsecondary institutions, offers a wide variety of fields of study

culminating in over 100 different undergraduate majors. Each year roughly 7,000 students earn



bachelors degrees, with half of the top 20 most popular majors in STEM, such as Biology, Chem-
istry and Mechanical Engineering. Students are required to declare a major by the time they have
completed an amount of units roughly equal to two full-time years of course work. While students
have flexibility in switching majors, institutional rules impose some costs—students must obtain
approval from an advisor in the major they wish to leave and from an advisor in the major they
wish to join.

We focus on introductory math courses, which we define as the set of math courses that are
listed as satisfying a university-wide quantitative course requirement and also satisfy mathemat-
ics prerequisites required for STEM majors (see Table [I). All students, regardless of major, must
satisfy a quantitative course requirement. While the list of eligible courses mainly comprises of
calculus based math courses, it also includes some statistics and other math-intensive courses.
All STEM majors, and some non-STEM majors, require the completion of at least one introduc-
tory math course. Many departments advise students to take introductory math in their first term.
Hence, these courses do not have college-level course prerequisites, that would prevent first-term
freshmen from enrolling. Taken together, these factors help generate large enrollment in introduc-
tory math courses. Approximately 70% of all students in our data take an introductory math course
at some point during their undergraduate studies.

As can be seen in Table |1} the set of courses focuses on the fundamentals of calculus, although
there are a few exceptions of more advanced courses on the list (e.g. Differential Equations, Vec-
tor Analysis). A majority of the native-born freshmen in our sample take one of the more basic
courses (Precalculus, Calculus I, Calculus for Scientists, and Adv Calculus: Intro) as their first
math course. These courses are large, with average enrollment around 230 students. Importantly,
they are structured with a very high enrollment cap which never binds. In our sample, introductory
math courses never exceed 40% of the cap. Thus, students cannot be mechanically crowded-out of
classes when more foreign students enroll.

The academic calendar follows a trimester schedule, with instruction occurring over three terms
(fall, winter, and spring). Students enroll in courses with specific instructors, and accumulate cred-
its upon successful completion at the end of each term. Within each entering cohort, approximately
50-60% of students graduate within 12 terms (4 years), 70-80% in 15 terms (5 years), and 80-85%
in 18 terms (6 years).

The registration process for first-term freshmen is distinct from the process for all other stu-

dents[] The university organizes several optional orientations for new students in the summer prior

"Non-freshmen students register for courses online in the prior term (or in summer for the fall term). Registration
dates and times are allotted to students as follows. Students are divided into 4 bins according to accumulated credits
normal for freshmen, sophomores, juniors, and seniors. Registration occurs according to bin rank—students in the
senior bin register first, followed by the junior bin, followed by the sophomore bin, and finally the freshmen bin.
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to their first term. During each orientation, advisers assist first-term freshmen in planning their
course of study and registering for classes. Students attending earlier orientations, therefore, reg-
ister before students attending later orientations. Students that do not attend orientation ultimately
register online, but receive information through the mail intended to assist in course planning and
registration. The non-binding high cap, however, means that students registering earlier do not
have a better chance at enrolling in a given introductory math course taught by a particular instruc-

tor than those who register later.

2.2 Sample Construction

The administrative data contain all course registration activity for each student, which we use to
construct rosters for each introductory math class, identified by the course, instructor, meeting
time and term offered. We reconstruct the rosters just prior to the first day of instruction for
the term. As such, they reflect the course composition before students have met the professor,
examined the syllabus, or been physically present in the class with other students. Continued
registration activity beyond the first day of instruction also identifies whether students add or drop
the course. Registration records are then matched with student background characteristics (e.g.
gender, ethnicity/race, nativity, high school GPA, etc.) and outcomes (e.g. course grade, graduation
in STEM major, etc.). Finally, instructor/professor identifiers are linked to the courses in each term
from online catalogs.

We measure each individual’s major at graduation, which provides a more definitive measure
of both choice and skill acquisition. To students who graduate we assign one of three completion
outcomes — graduation with a STEM degree, Social Science degree, or Arts & Humanities degree.
Because upwards of 80% of students complete the degree within 6 years (18 terms), we measure
graduation outcomes within 6 years. We refer to those that do not complete within 6 years as
dropouts, however a small number may take 7+ years to graduate. Because the data on student
outcomes ends in 2012, the fall 2006 entering cohort is the last one for which we can observe 6 year
graduation outcomes. As such we limit the analysis to new freshmen enrolled in an introductory
math course in fall 2000 through fall 2006. In total our sample consists of 16,830 first-term native
freshmen.

Students are identified as foreign or native according to their country of origin. Foreign peer
exposure is measured within classes. The class is a natural unit where peer interactions might

occur as students attend lectures in the same physical location at the same time, receive the same

Within each bin, however, students are randomly assigned a registration date and time. Thus, while a junior will
almost certainly register before a sophomore, there is no guarantee ex-ante that one sophomore will register before
another sophomore.



instruction, are given the same assignments, take the same exams, and are evaluated jointly by the
professor We adopt a standard peer measure by calculating for each native student the fraction
of peers in their introductory math course that are foreign. Foreign students need not be first-term
freshman to be counted in our peer measure.

Table [2| shows summary statistics of student background characteristics. Column 1 and 2
describe all native and foreign students enrolled during the period under analysis (2000-2006).
Column 3 describes native first-term freshmen in introductory math courses, which represent the
primary group we are interested in. Column 4 displays statistics for foreign-born peers in the
introductory math courses of native first-term freshmen.

While 56% of all native students are female, only half of first-term native freshmen that enroll
in introductory math courses are female. The same under-representation in the introductory math
sample relative to their presence in the overall population is evident for native White and minority
(Black and Latino) students. In contrast, native Asians appear to possess a strong predilection for
taking introductory math courses early on. While Asians comprise only 37% of all natives, they
represent roughly half of all native first-term freshmen enrolled in introductory math courses.

A very similar pattern is observed for foreign students. A large distinction is that the vast
majority of all foreign-born students are Asian. Nearly 80% of foreign students in the introduc-
tory math sample are Asian. The next most populous race groups among foreign-born are White
students, followed by Latino students. The predominance of Asian students likely reflect the large
immigration patterns from Asian countries to California, combined with higher rates of educational
attainment for Asians overall.

Measures of background ability are provided in rows 7-11. High school GPA is measured on
a scale from O to 4, SAT math and verbal scores range from 200-800, and the combined SAT
score ranges from 0-1600. Also included is a composite score calculated by the admissions office
that is a weighted sum of various background ability and traits, which include some measures
available in our data and others that are not available. The academic composite index ranges from
0-14,000. When comparing native freshman in introductory math courses to the general native
student population, it is clear that those taking math in their first term are more highly selected
on all ability traits. Thus, STEM majors appear to initially attract students of higher preparedness
who are willing to take the gateway math course right away.

Native and foreign students do not appear to be substantially different in terms of ability in the

general student population. One exception is that foreign students exhibit lower SAT verbal scores,

81n rare instances when a single professor teaches multiple sections of the same course in a given term, the students
in different sections are treated as distinct peer groups. In the data, a professor teaches two sections of the same course
in the same term 6 times out of 181 different course-professor offerings.
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reflecting the fact that many learn English as a second language and are less likely to be as fluent
as natives. This difference in English ability is magnified when comparing native freshmen and
their foreign peers in introductory math courses— foreign students SAT verbal scores are almost a
full standard deviation below that of native freshmen. The fact that foreign students in introductory
math courses exhibit lower SAT verbal scores than the overall foreign student population indicates
that introductory math courses likely draw interest from those with a comparative advantage in
quantitative analysis. Though differences in SAT verbal are the most salient, native freshmen
outperform foreign students on all measurable ability traits.

A particular advantage of our data is that it contains information on visa status and countries of
origin, allowing us to explore heterogeneity among the foreign student population. We distinguish
between international students on temporary visas and other foreign born students (“immigrants”),
which include legal permanent residents, those with U.S. citizenship, and undocumented studentsﬂ
This allows us to inform recent debates surrounding surges in international student enrollment,
whereby significant controversy has led some college campuses to propose caps on the number
of international students admitted. Furthermore, assessing difference between international and
immigrant students is particularly important for federal immigration policy, as there are currently
no caps on student visa issuance.

Columns 5 and 6 of Table [2} reveal sizable heterogeneity between international students and
immigrant peers in introductory math courses. First, international students only account for 11%
of foreign peers, with immigrants comprising the majority. Second, the lower ability of foreign
peers relative to native freshmen is driven by immigrant students. In contrast, international stu-
dents appear at least as well prepared as native freshmen, and possess an absolute advantage in
quantitative ability, as their SAT math scores exceed those of native freshmen by almost 0.5 of
a standard deviation. While the majority of foreign students are immigrants, these distinctions
are suggestive of potential differing impacts of immigrants and international student peers in the
classroom. While later analysis explores these differences, we acknowledge the small number of
international students in our sample is limiting.

Table 3|summarizes the key outcomes of interest for students in introductory math courses. The
top panel provides completion outcomes. Approximately 82% of entering native freshmen grad-
uate within 6 years, whereas 18% dropout or take greater than 6 yearsm While natives graduate

with an average GPA of 3.05, foreign students perform slightly lower. Students that graduate take

9Unfortunately, our data do not allow us to distinguish further between foreign-born permanent residents, citizens,
and undocumented students. However, it is unlikely that the foreign peers we study contain many undocumented
immigrants as much research has shown that undocumented persons disproportionately come from South and Latin
America, with very few from Asia.

19For ease of exposition, we refer to these students throughout as “dropouts”.
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slightly more than 16 terms, or 5.33 years to complete their degree.

STEM is the most popular major at graduation for natives taking introductory math as first-
term freshmen, with 48% of students going on to complete a STEM degree in 6 years. Almost
one-third of native freshmen taking introductory math in their first term end up graduating with a
Social Science degree. Completion outcomes are similar for foreign born peers, although foreign
students complete STEM degrees at a lower rate than natives. This suggests that if displacement of
natives from STEM occurs, foreign students may not complete STEM degrees at equivalent rates
to make up for the decline in native STEM majors.

Differences in graduation outcomes across groups can partially be explained by observing tran-
sitions between majors, measured by comparing a student’s first declared major with their major
at graduation. For example, if the first declared major is STEM, and they graduate with a Social
Science major, they are considered to have made a STEM to Social Science transition. If they do
not graduate within 6 years, they are considered to have dropped out. As our focus is on switches
out of or into STEM, we only show these transitions. Statistics on transitions appear in the bottom
panel of Table |3l Among students who declare STEM as their first major, only 43% end up com-
pleting a degree in STEM, indicating large attrition. Attrition appears slightly larger for foreign
students. Regardless of nativity, most students who leave STEM majors end up switching towards
Social Science and dropping out. A very small fraction of students switch to Arts & Humanities
majors. Additionally, a very small fraction of individuals ever make a transition from a non-STEM

major to a STEM major, potentially indicating high costs of delaying pursuit of STEM degrees.

3 Idiosyncratic Variation

Our empirical approach addresses traditional concerns arising from the estimation of peer effects
with minimal assumptions. In particular, three key issues need to be addressed: selection, common
shocks and reflection (Manski, 1993} [Sacerdotel, 2011]). Selection into or out of classes based on
the peer composition could generate significant bias. Unobserved common shocks within a class
would make it difficult to correctly identify the impact of foreign peers. The reflection problem
confounds estimates in instances when it becomes difficult to distinguish the impact of peers on
the individual, from the impact of the individual on peers. Our methodology addresses each of
these issues.

Several features ensure our results are not driven by endogenous selection. As stated earlier,
we examine the outcomes of natives who take introductory math courses as first-term freshmen.
New freshmen, by definition, do not have actual prior educational experiences at the university.

Hence, when registering for courses during the summer prior to arriving on campus, they are
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unlikely to possess sufficient knowledge about the likely composition of peers required to engage
in endogenous selection. Additionally, we measure the peer composition of students registered
for each course, just prior to the first day of instruction. Thus, we measure foreign peers before
students ever physically attend a class.

This approach does not completely guard against selection. For example, highly motivated
students may be able to obtain partial or full information on the peer composition of classes before
the first day of instruction. To further mitigate selection, we utilize variation in the foreign student
composition within courses taught by the same professor over time. This provides credibly exoge-
nous variation in the foreign share, as selection would have to occur within course-professor pairs
across terms. This is highly unlikely as instructor assignments to courses are decided only in the
middle of the prior term, so that at the start of each term, instructors themselves are not aware of
what their teaching assignments will be in the future. Furthermore, a student’s ability to predict
peer composition in future courses taught by a particular instructor is quite limited.

It is useful to visually depict the type of variation we utilize. Figure 2| displays histograms
illustrating the overall variation in the foreign share across the introductory math classes. While the
foreign share ranges between 8-15%, some classes have less than 5%, and a few have greater than
20%. Figure [3|shows the identifying variation we isolate for the analysis. Each point represents the
foreign composition within a particular introductory math course taught by a particular professor.
The lines linking the points allows tracking of course-professor pair over time. To allow for visual
clarity, we provide a random sample of 10 professor-course pairs.

There is sizable variation over time within course-professor pairs. While some professors teach
in most fall terms, some only teach sporadically. The figure also helps exemplify the experiment
we have in mind. The dashed line displays the foreign share within a specific course-professor
pair. This course-professor pair was only offered 4 times in our data — in the fall term of 2003,
2005, 2006, and 2008. Our analysis compares the outcomes of the native first-term freshman
who happened to enroll in course-professor pair A, against the outcomes of the native first-term
freshman who enrolled in course-professor pair B. While the native student in A was exposed to an
environment containing 6% foreign students, the native student in B enrolled in a class where 16%
of her peers were foreign. These two native students took the same course (introductory calculus),
with the same professor, but by virtue of entering the university and enrolling in introductory math
in different terms, they were exposed to very different levels of foreign peers. We argue that the
differences in the class compositions of A and B are driven by random fluctuations, and that the
native freshmen in the two classes are comparable.

We empirically test the validity of our identification by examining whether natives who take the

same course-professor pair, but experience varying levels of foreign peer exposure, are different

13



along observable characteristics. By analyzing whether native student background characteristics
correlate with the foreign peer composition, we directly evaluate whether selection on observables
is apparent. Although we only focus on the outcomes of native first-term freshmen, the test for
selection is more demanding in the sense that we must test for selection across all native students
in the class. Even if native first-term freshmen do not engage in selection, the selection of other
native students due to foreign peer exposure would complicate the analysis. Endogenous selection
of other native students could alter the composition of other peer characteristics within the class,
which would then also affect our observed outcomes.

To check selection on observables, we estimate the following regression model:

F.
O,’ZO(—F(S—M—FO'Ct—FO'cp“‘Eicpt (1)
Tepe — 1

Equation [I| regresses individual background characteristics of native student ¢ (C;), on the share of
1’s peers that are foreign in the course (%). To allow the identifying variation to come from
changes in the foreign share within courses ¢ taught by the same professor p across terms ¢, the
model includes course-by-professor fixed effects o, and course-by-term indicators o,. Standard
errors are clustered at the professor level. The foreign peer share is standardized, so that the
coefficients reflect the impact of a one standard deviation increase in the foreign share.

The results of these tests are displayed in Table ] Each column corresponds to a regression
of % on a different individual background characteristic (Ci) The coefficient estimate in
column 7, for example, indicates that a one standard deviation increase in the foreign share is asso-
ciated with an increase in a native student’s SAT math score of 1.76 points (only 0.02 of a standard
deviation in the same score). Given the mean SAT math score is 618 and a standard deviation
is 75 points, this estimate is thus economically insignificant. None of the estimates are statisti-
cally distinguishable from zero at any meaningful level of confidence, nor are they economically
significant. Thus, the results do not provide any consistent evidence of selection on the basis of
observable background characteristics. To further limit the scope of potential selection bias in our
analyses of outcomes, we will include these individual background characteristics as controls to

check whether their inclusion alters the estimated effects/?]

HThe sample of 25,912 include both the 16,830 native first-term freshmen, and other native students (e.g. sopho-
mores, juniors, and seniors) enrolled in the introductory math courses.

12We also check whether foreign students are selecting on observables based on the foreign peer composition in
appendix Table[AT] In Table[AT] the same ten specifications as Table[dare estimated, but instead focusing on the 3,840
foreign students taking an introductory math course. Out of ten coefficients, only SAT Verbal is significantly different
from zero. A one standard deviation increase in foreign peers in a class is associated with a 14 point lower SAT Verbal
score. Despite the statistical significance, the magnitude is relatively small (one-tenth of a standard deviation), such
that we do not believe this small amount of selection is evident to students or making a meaningful difference in the
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While selection appears unlikely, students taking the same class may be exposed to common
shocks that can affect outcomes. If these vary with the foreign class share, our methodology
risks confounding such shocks with the impact of foreign peers. For example, Ballatore, Fort and
Ichino (20135) finds that while inflows of foreign students in Italian primary schools raised the
peer composition within classes, they also increased class size. Because class size is an important
determinant of educational outcomes, failing to account for the relationship between foreign peer
composition and class size leads to invalid estimates.

Similar concerns are apparent with in our context. In particular, descriptive statistics in Table
[2) showed key differences in baseline characteristics between native freshmen and their foreign
student peers. In particular, foreign students appear less prepared in terms of background ability
measures, and different in terms of racial composition. Thus, for example, increases in foreign
peers will mechanically lower the average SAT verbal of peers within the class. Since studies have
shown that peer ability or race can affect individual outcomes, the impact of foreign peers will
be commingled with potential impacts of peer ability or race. To account for potential changes
in other classroom characteristics induced by foreign peers, our analysis will include controls for
peer background ability, race, and gender.

Lastly, reflection occurs when the peer characteristics being analyzed can potentially be influ-
enced. For example, studies measuring the impact of high ability peers are at risk of problems due
to reflection if peer ability is measured as the average of peers’ test scores. Measuring peer abil-
ity in this way makes it difficult to separate the impact of peers on individual test scores, and the
impact of the individual on peers’ test scores. Examining foreign 