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1 Introduction

Education is one of the most vital comparative advantages in trade for the US. In 2017-18,
over one million international students studied in the US, contributing $45.3 billion.! Ed-
ucation accounted for about 14 percent of the US services trade surplus in 2018. Whereas
recent immigration restrictions, the COVID-19 pandemic, and the trade war with China
have cast doubt on the future of education exports (Lorin, 2019; Barros, 2020; Fischer,
2020), the impact of such service trade on the US remains unclear. On the one hand, tu-
ition revenue from international students is crucial to many US public universities in order
to cushion a loss in state funding (Shih, 2017; Bound et al., 2019; 2020). However, critics
argue that international students crowd out in-state students and some have advocated
for caps on nonresident enrollment (Belkin, 2017).

This paper studies the impact of education exports on the US higher education sector
and sheds light on objectives of public universities in the face of changing revenue sources.
We study 2003-2016, when new international student inflows doubled (IIE, 2019). This
staggering influx of international students is due to both demand factors, such as the
rising ability to pay for US education in developing countries, and supply factors, such as
increased incentives to raise tuition revenue following the Great Recession (Bound et al.,
2021). The listed tuition and fees for nonresidents are 2.6 times the amounts for in-state
students (see Appendix Figure A.2), and the absolute difference has increased over time
and is larger among research institutions.

Using administrative data on student visas, we first document the fiscal impact of
international students by estimating their financial contributions by geographic region,

institution, and degree program.? On average, international students’ tuition revenue

1Source: US Department of Commerce, 2016.export.gov/industry/education

2Through Project ADVISE (Analytics and Data Visualization for International Student and Education), we build a data visualization

tool to make estimates of international students’ financial contributions available to the general public (ers.princeton.edu/project-


https://2016.export.gov/industry/education/eg_main_108888.asp
https://ers.princeton.edu/project-advise-about
https://ers.princeton.edu/project-advise-about

accounts for 12 percent of the total tuition revenue (net of institutional aid) across public
universities in 2016, exceeding 30 percent for some institutions. Undergraduates’ revenue
constitutes more than half of the international tuition revenue from degree programs.

Next, with tuition revenue from international students increasing and state funding
decreasing, we test whether US public universities choose to expand in-state enrollment
or raise quality by increasing per-student spending, which leads to the displacement of
in-state students. Public universities historically rely heavily on state appropriations and
are mandated to educate in-state students (Groen and White, 2004). Changing university
revenue sources provide an opportunity to study institutional objectives.

To do so, we estimate the causal effect of international undergraduate enrollment on
various public university outcomes. We focus on undergraduates, where international
enrollment increased the most (Bound et al., 2021) and public institutions face clear trade-
offs. We combine two national surveys of colleges to assemble a panel dataset with rich
school information on enrollment by place of origin (PO) and state residency, completions,
peer quality, prices, school expenditures, and state funding.> We use a shift-share design
exploiting variation in international enrollment driven by foreign demand for US educa-
tion. We measure the foreign demand based on family’s ability to pay for US services,
which consists of PO-specific economic growth and exchange-rate fluctuations. Our de-
sign leverages institutions’” differential exposure to foreign demand shocks based on their
networks with foreign countries years prior to the recent expansion of international un-
dergraduate students. Our results are robust to tests suggested by recent developments in
the shift-share literature (Jaeger et al., 2018; Addo et al., 2019; Goldsmith-Pinkham et al.,
2020; Borusyak et al., 2022).

We find that the increase in international students at US public universities does not

advise-about).

3We avoid using “country” to report geographic units identified in the data because not all are countries.
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crowd out local students. Instead, schools expand in-state enrollment and graduate more
domestic students. On average, for every one additional international undergraduate
enrolled, the in-state freshman enrollment increases by 1.9 and the number of domestic
students who graduate in six years increases by 1.3. We show that schools provide more
access to in-state students by decreasing the listed tuition and fees. Meanwhile, the
increase in international students leads universities to raise total expenditures on students
but keep per-student spending constant. The increase in total expenditures is mainly
attributed to instructional costs.

Furthermore, given the large increase in foreign demand for US education, public
universities do not recruit international students under lower admission standards for
SAT scores compared with their domestic peers. In fact, we find that enrolling more
international students increases overall class academic credentials in terms of all SAT
math quartiles and the bottom SAT verbal quantile without changing the top quantile.
This is consistent with the fact that international students enrolled in the US have higher
SAT scores on average, especially in math, compared with their US peers (Chen et al,,
2023).

Lastly, we find that the allocation of state appropriations can depend on institutions’
ability to generate tuition revenue from international students. Enrolling more interna-
tional students decreases the state appropriations received by public research universi-
ties, which attract over 70 percent of international undergraduates at public institutions.
Furthermore, the state allocates more appropriations when there is an international en-
rollment increase at peer institutions in the same state.

Whereas a large volume of research has focused on the demand (student) side of
the higher education market, this paper contributes to our limited understanding of

the supply (school) side.* Because universities are multi-product organizations with a

4Some examples of the demand side with respect to the cost of and access to higher education include Bound and Turner (2002);



complicated set of goals, it is difficult to discern their priorities. We leverage revenue
shocks from international students to shed light on how public universities make trade-
offs between educating in-state students and school quality or prestige, measured by per-
student spending. Our results provide empirical justification for the modeling choice of a
university’s objective function, whereas prior literature usually takes an explicit stance on
ex-ante (e.g., Epple etal., 2017; Hoxby and Stange, 2020). Relatedly, studies have examined
the impact of revenue shocks from state appropriation cuts on US public institutions and
found declines in enrollment and college attainment (Deming and Walters, 2017; Bound
and Turner, 2007). Given that public research universities increase international student
enrollment in response to state funding cuts (Bound et al., 2020), our results suggest that in
the absence of international students, in-state student enrollment and degree attainment
would decline at such institutions.

This paper also contributes to the empirical literature on the impact of trade on the US
and has important implications for policymakers when considering trade deals. Thus far,
the literature has focused on the effect of manufacturing goods imports on the US labor
market and generally finds employment losses in directly competing sectors (e.g., Autor
etal., 2013; Acemoglu et al., 2016; Pierce and Schott, 2016; Bloom et al., 2024). In contrast,
this paper examines the impact of education service exports on the US higher education
market and finds benefits for US students and institutions. In 2018, education service
ranked fifth for service exports and was the third-largest contributor to the services trade
surplus (see Appendix Table A.1).

Last, this paper adds to the immigration literature on international students—a popula-
tion thatinfluences US education markets, high-skilled labor markets, and local economies.

Jia et al. (2025) find that inflows of Chinese graduate students led US universities to create

Deming and Dynarski (2010); Sargent et al. (2011); Stange (2012); Hoxby and Turner (2013); Pallais (2015); Becker et al. (2016), and
Jacob et al. (2018).



new master’s programs, increased the enrollment of other international and American
master’s students, particularly in STEM, and supported job creation in surrounding col-
lege towns. The papers most closely related to ours are Shih (2017) and Zhu (2025). Shih
(2017) finds that international graduate students cross-subsidized domestic graduate stu-
dents in 1995-2005, which is broadly consistent with the cross-subsidization result at the
undergraduate level in this paper.®>. Using a restrictive UK immigration policy change as
an instrument for international enrollment in US universities, Zhu (2025) finds that inter-
national enrollment increases domestic postsecondary degree completion and documents
positive cross-degree-level spillovers from international master’s enrollment to domestic
bachelor’s degree completion.

Our paper differs from these studies in important ways. Shih (2017) is limited by the
data to considering only domestic enrollment stock as the outcome and cannot distinguish
university-funded doctoral students from self-paying master’s students. Both Shih (2017)
and Zhu (2025) exploit variation in international graduate enrollment, whereas we study
undergraduates during a period of large-scale expansion in international enrollment that
was driven by undergraduates. Our paper exploits rich data to examine the impact
of international student inflows on various institutional outcomes, such as enrollment
inflows by state residency, degree attainment, and SAT scores. Our setting and data allow
us to test how public universities make trade-offs between in-state enrollment and other
university interests during a period of large declines in state appropriations.

The rest of the paper proceeds as follows. Section 2 describes the data and context.
Section 3 presents the conceptual framework and empirical strategy, and Section 4 reports

the main results. Section 5 presents discussion and extensions. Section 6 concludes.

5A contemporaneous study to our paper (Shen, 2017) uses time dummies relative to 2005 as instruments and finds a negative but
statistically insignificant impact of international undergraduates on domestic enrollment at public universities. These instruments are
problematic because they pick up supply-side drivers of international students (Bound et al., 2020) and violate the exclusion restriction.

The lack of enrollment data by state residency also makes the dependent variable harder to interpret.



2 Background and Data

2.1 Data

To estimate the financial contributions of international students, we use the universe of F-1
visa SEVIS records between 2002 and 2017 obtained from US Immigration and Customs
Enforcement (ICE) via several Freedom of Information Act requests. The data contain
student-level information on PO, dates of study, program of study, cost of attendance, and
funding amount and source. We match this dataset with the Department of Education’s
Integrated Postsecondary Education Data System (IPEDS) using school name and address
to obtain additional information on institutions.

We combine two national surveys of US colleges for our main causal analysis. First, in-
formation on listed tuition, expenditures, state appropriations, SAT scores, degree comple-
tion and enrollment of first-time degree-seeking undergraduates are mainly from IPEDS;
institutions that receive federal financial aid via Title IV programs are required to fill out
IPEDS’ annual surveys. Our enrollment data are from the Fall Enrollment Survey, and
an international student is defined as “any person who is not a citizen or national of
the United States and who is in this country on a visa or temporary basis and does not
have the right to remain indefinitely.” We use data for the period between the 2003-2004
and 2016-17 academic years. All monetary variables are adjusted for inflation using the
Higher Education Price Index. Second, following Bound et al. (2020), we use the Annual
Survey of Colleges (ASC) to supplement missing data on enrollment by state residency
and SAT scores. The missing data in IPEDS are due to high non-response rates on SAT
scores in early years and the fact that schools are only required to report enrollment by
state residency every 2 years. Our results are qualitatively the same when not using or
only using data from ASC.

The 2002 ICE data are used for the baseline “share” component of the shift-share IV.



As a robustness check reported in the Appendix, we additionally use schools” historical
enrollment stock by PO from the restricted-access part of the 1997 Open Doors survey
(OD) to form an alternative share measure.® Information on GDP per capita and exchange
rates for the “shift” part are from the Penn World Table 9.1.

Unless otherwise stated, the analysis in this paper focuses on four-year, Title-1V, degree-
granting, public institutions in the US. We exclude schools that switched from private to
public during our sample period, military schools, schools identified as primarily granting
associate degrees, exclusively graduate programs, medical centers, law schools, or tribal
colleges by the Carnegie Classification. Schools are required to be active throughout 2003-
04 to 2016-17 and present in the 1997 OD. This results in 412 public institutions with 179
research universities. Research institutions are classified as median, high, or very high
research activity by Carnegie.

Appendix Table A.2 presents the mean of key variables in selected years by institutional
type. Freshman enrollment of all resident types and expenditures on instruction increased
over the sample period. Whereas state appropriations decreased, the increased listed
tuition for all students suggests that the increase in student expenditure came at the
cost of increased tuition revenue. Furthermore, research institutions are much larger
than non-research institutions, attract more international and out-of-state students, and
fall into higher SAT percentiles. While research institutions spend close to 75 percent
more per student than non-research institutions, they also receive more per-student state
funding and charge out-of-state students much higher tuition. However, the in-state

tuition difference between research and non-research institutions is much smaller.

¢The Open Doors survey is administered annually by the Institute of International Education and focuses on international students.



2.2 Trends in education exports

Driven by middle-income regions, trade in education service (measured by the number of
students studied abroad) underwent a staggering increase of 160 percent in the last two
decades. In 2016, about 5 million students pursued higher education in places other than
their PO (Appendix Figure A.3). A distinctive feature of trade in education is that it entails
the sharing of cultural and political values and transfers of skills and labor, in addition to
monetary transfers.

The US has a comparative advantage in education service over any other country in
the world. It is the most popular destination country for international students seeking
higher education, hosting 24 percent of all students studying abroad in 2016, followed by
the UK (11 percent) and China (10 percent).” For 2016-17, the size of the international
student body is similar to the size of degree-granting for-profit institutions, or four times
the size of the University of California system. Using administrative data on F-1 visas, we
estimate conservatively that international students in US higher education spent over $38
billion on tuition, fees, and living expenses after netting out financial support from US
institutions, up 150 percent from 2003-04.8 Among public universities, Appendix Figure
A.4 shows that the share of tuition revenue from international students of total tuition
revenue increased from 5 percent on average in 2003 to 12 percent in 2016, and by more
than 30 percent for some institutions (e.g., University of Illinois at Urbana-Champaign).

International undergraduates account for more than half of all international students in
the US, with an increase of 77 percent between 2003-04 and 2016-17 (43 percent for graduate
students). Panel (a) of Appendix Figure A.1 shows that students from China contributed to

the majority of the increase in international students, though other developing countries,

’Source: Project Atlas, www.iie.org/Research-and-Insights/Project-Atlas.

8This estimate is conservative since it does not include other student visa types such as J-1 and M visas. Living expenses exclude

spending beyond regular on-campus needs such as traveling within the US.
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such as South Korea, Saudi Arabia, and India, also contributed to the growth. Chinese
undergraduates alone spent over $7.4 billion on net tuition and expenses in 2016-17.

The expansion of international students is unequal across institutions. As panel (b) of
Appendix Figure A.1 shows, while the inflow of international undergraduates at public
four-year universities started to expand in 2004-05, the subsequent expansion was con-
centrated in research institutions. Tuition and fees paid by international undergraduates
to public four-year institutions increased 289 percent to over $6.2 billion in 2016-17, or
$9.5 billion when living expenses are included. Most tuition revenue went to research

universities.

2.3 Factors in international student mobility

Recent literature finds that both the demand- and supply- side factors of the US higher
education market for international students are important in explaining the recent expan-
sion of US education exports. On the demand side, in addition to an increase in the need
for high-quality higher education from developing countries that is unmatched by local
supply, rapid economic growth has rendered US higher education more affordable, as
documented by Bound et al. (2021). Taking China as an example, between 2003 and 2016,
real GDP per capita increased 200 percent. Furthermore, a regime switch to a flexible
exchange rate in 2005 caused Chinese currency to appreciate by 19 percent against the
USD during the same period.

Studies have demonstrated the importance of the ability to pay for US goods and
services in explaining US education exports. Khanna et al. (2025) argue that a major
driver of income growth in China is its accession to the World Trade Organization in
2001; they find that trade-liberalization-driven wealth can explain a quarter of Chinese
enrollment in the following decade. They also show that trade liberalization first had an

impact on Chinese students” inflow to the US in 2005-06, since it takes time for income
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gains and college decisions to materialize. In addition, Chen et al. (2023) analyze data on
over 100 PO between 2004 and 2015 and show that a PO’s real GDP per capita is positively
correlated with its number of SAT takers and enrollment in the US.

US immigration policies can also influence the demand side by changing international
students’ expected return of investing in US college applications and access to the US
labor market after graduation. Increase in the perceived chance of obtaining an F-1
student visa, the chance of winning an H-1b work visa lottery, and the time allowed to
work under the Optional Practical Training program all increase international students’
applications and enrollment in the US (Kato and Sparber, 2013; Shih, 2016; Chen et al.,
2023; Amuedo-Dorantes et al., 2023).

On the supply side, public universities in the US have had an increasing financial
incentive to recruit international students. On the one hand, international undergraduates
typically receive little institutional aid and pay out-of-state tuition that is 2.6 times higher
than the listed in-state price (Appendix Figure A.2). Only 3 percent of all funding for
tuition and living expenses comes from hosting US institutions for Chinese students
seeking bachelor’s degrees (Chen, 2024). Moreover, international students can often pay
more than domestic out-of-state students. At least 45 states have some form of tuition
reciprocity agreement that largely reduces tuition for students from surrounding states.’
Lastly, according to the Annual Survey of Colleges, in 2017, 21 public universities charged
foreign students an average additional tuition of $3,120 on top of the listed out-of-state
price, and 70 public universities charged an average additional fee of $1,610.

On the other hand, while public universities historically depend on state appropria-
tions to operate, they have had to rely more heavily on tuition revenue following each of
the last three recessions. For example, the share of tuition revenue in total revenue in-

creased permanently from 36 percent before the Great Recession to more than 47 percent

°Source: www.instateangels.com /tuition-reciprocity-agreements-explained
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after 2012 (SHEEQO, 2019). In this vein, Bound et al. (2020) find that reductions in state
appropriations led to an increase in international student enrollment at public research

universities.

3 Conceptual framework and empirical strategy

3.1 Objectives of public universities

Although the interests of public universities are diverse and heterogeneous, we focus on
two objectives that are common to most institutions and testable with our research design.
In our conceptual framework, a public university optimizes over a combination of in-state
enrollment and school quality, subject to capacity and budget constraint. School quality is
measured by per-student spending for now and is later extended to include the academic
ability of the students in Section 5.1. The budget constraint consists of tuition revenue
and state appropriation, in which state funding is determined by state legislatures whose
goal is to maximize in-state enrollment in the entire state. Since a state’s total funding for
higher education is usually fixed, a school’s state appropriation depends on its alternative
source of revenue and its peer institutions” budget constraints.

Anincrease in international student enrollment at public universities brings additional
tuition revenue and affects the two objectives under our conceptual framework. If public
universities are strictly constrained in physical space, an increase in international students
will displace domestic students on campus mechanically. If there is room for enrollment
expansion, universities can either use the new revenue to expand seats for in-state students
or increase per-student spending to improve school quality. They can also choose a mix of
these two options. Hence, examining the impact of the increase in international students

provides an opportunity to test which objective universities decide to optimize.
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3.2 Shift-share design

To estimate the causal impact of international student enrollment on institutional out-

comes, we employ the following model specification:
AYje = BAE], + AWjra + A + ey (1)

where Yj; is school j’s outcome in the academic year ¢, such as in-state freshman enrollment
in the fall and expenditures on students. The independent variable of interest, E{ , 1s
international freshman enrollment in the fall. Wj; is a vector of state-level time-varying
controls and A; are year fixed effects. A represents that we take the first difference instead
of using levels, which controls for any school-specific time-invariant characteristics. Year
tixed effects control for aggregate trends such as overall demand for college education and
immigration policies. Among Wj;, we control for state-level college-age populations (age-
18 population) and labor market conditions (unemployment rate), since they are drivers of
college enrollment (Bound and Turner, 2007). Institution-year observations are weighted
by the undergraduate enrollment at baseline (2003). Standard errors are clustered at the
institutional level.

Estimating equation (1) with an ordinary least squares (OLS) regression may not cap-
ture the causal impact of international enrollment for several reasons. First, increases
in in-state enrollment reduce available seats and induce a reverse causality on interna-
tional enrollment, which would bias OLS estimates downward. Second, there may be
time-varying unobserved institutional characteristics that affect in-state enrollment and
international enrollment. For instance, a change in the school’s recruiting strategy or
investment in a school amenity can attract students of all residencies.

To address these potential identification challenges, we construct a shift-share instru-

mental variable (SSIV), Zj;, to measure institutions” exposure to foreign demand shocks
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for US education. Specifically, we interact a measure of families” ability to pay for US

colleges in a PO with institutions” historical network with students from that PO:

E°.
£=2002
AZjt= ) =AM )
¢ Cjt=2002
where E? is the undergraduate enrollment stock of international students from PO

cjt=2002

c at school j in 2002, and E]S. is the school’s total undergraduate enrollment stock,

£=2002
including both domestic and international students, in 2002. M, is a measure of families’
ability to pay for US education from c in the period before academic year ¢, reflecting the
time lag between application and enrollment. In practice, we use real GDP per capita in
USD (PPP adjusted), which contains variation from real GDP per capita and exchange
rates adjusted for the cost of living. The summation is over the top 30 PO with the highest
enrollment stock in 2002, covering over 80 percent of total international enrollment in the
Us.

Our SSIV design requires two key assumptions for causal inference. First, the instru-

f

ment Z;; must have predictive power for international enrollment E]. ;

controls. In our SSIV, institutional exposure to foreign demand shock from a particular

, conditional on the

PO depends on the PO’s enrollment share in the initial year (2002). Like the formation
of immigration enclaves, prior graduates are an essential channel for establishing an in-
ternational reputation and through which prospective students can obtain information.
There is, in fact, a strong positive correlation between E{t and Zj; (see Appendix Figure
A.5): Institutions with larger exposure to foreign demand shock for US education enroll
more international students.

Second, initial shares of international students in 2002 must be exogenous to changes
in other determinants of the outcome variable, conditional on observables (Goldsmith-

Pinkham et al., 2020). To mitigate this concern, we test whether initial shares correlate
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with pre-trends in in-state enrollment, per-student spending, and other determinants
of the outcomes (population at age 18, unemployment rate, and state appropriations).
Appendix Figure A.6 shows no clear correlation between initial shares for PO with the
highest Rotemberg weights and changes in outcomes between 1992 and 2003. Appendix
Table A.3 provides formal statistical tests and includes determinants of outcomes.

Our SSIV compares changes in outcomes between institutions with high and low
exposure to foreign demand shocks. The absence of pre-trends suggests that the estimated
effects are unlikely to reflect differential trends across institutions. Note that despite the
shocks’ being viewed as weights in Goldsmith-Pinkham et al. (2020) and not needing be
exogenous, using shocks for foreign demand isolates our SSIV from time-varying supply-

side factors.10

4 Results

4.1 The impact of education exports on university objectives

This section presents empirical results for the causal impact of the increase in international
students on the two objectives of public universities laid out in Section 3.1. Table 1 reports
OLS and 2SLS estimates of equation (1) for the impact on domestic enrollment by state
residency. The first-stage estimates in columns 2-3 suggest that the SSIV is positively
correlated with international student inflow. This supports our hypothesis that rising
ability to pay for US education increases education exports.

Column 1 shows that the OLS estimate for the impact of education exports on in-
state enrollment is small and statistically insignificant, while column 2 shows that the

25LS estimate using the SSIV is statistically significant and positive. This difference is

10Borusyak et al. (2022) show that we can alternatively view shares as weights and require shocks to be exogenous. However, one
key assumption is to not have many correlated shocks. Since shocks are correlated overtime in our panel setting, we choose to focus

on the shares view.
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consistent with the downward bias induced by the reverse causality discussed in Section
3. Column 3 shows that the 2SLS estimate is robust after controlling for the statewide
population at age 18 and the unemployment rate. On average, for every additional
international freshman enrolled, the in-state freshman enrollment increases by 1.9 at US
public universities. In contrast, columns 4-6 show a small and statistically insignificant
impact of education exports on out-of-state enrollment. Lastly, column 7 shows that
the enrollment increase for in-state students translates into graduates: Every additional
international student leads to an increase of 1.3 domestic college graduates in 6 years.
Panel A in Table 2 presents 2SLS estimates for the impact of education exports on
various measures of student spending (in logs).” Columns 1-2 suggest that while an
increase in international student enrollment leads to an increase in total expenditures on
students, the effect on per-student spending is very small and not statistically significant.
Columns 3-5 break down student expenditures by type and show that the increase in
total spending is mainly attributed to instruction. On average, for every 10 additional
international students, schools increase instructional spending by 0.006 log points. The
increase in instructional spending is consistent with an increase in new faculty hires.
Column 6 shows that for every 10 additional international students, schools increase new

faculty hires by 1.1.

4.2 SSIV robustness checks

We perform a series of robustness checks motivated by the recent SSIV literature. As stated
in Section 3, Goldsmith-Pinkham et al. (2020) show that a key identifying assumption is the
exogeneity of shares to changes in unobserved determinants of the outcomes, especially

for shares carrying high weights. We have shown that top-weighted POs are uncorrelated

1For the rest of the paper, we focus our discussions on 2SLS estimates with controls. Parallel OLS estimates are included in the

Appendix.
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with pre-trends of the outcomes and their observed determinants in Appendix Figure
A.6 and Appendix Table A.3. In addition, the first columns of Appendix Tables A.4
and A.5 show that despite a decline in first-stage power, the 2SLS estimate is statistically
indistinguishable when excluding three top-weighted POs.1? Given the prevalence of
Chinese students, column 2 also shows that our results are robust when excluding China.

Furthermore, in column 3 of both tables, we include log state appropriations as a
control and find no effect on our results. This is broadly consistent with Bound et al.
(2020), who find that state appropriations only affect international enrollment but not
in-state and out-of-state enrollment during a similar time window. In column 4, we
additionally include state fixed effects to account for state-specific time trends in the
tirst-difference specification. The estimates remain similar, suggesting that cross-state
differences are not driving our results. Moreover, following Adao et al. (2019), column 5
reports standard errors accounting for the correlation across institutions in PO shares, and
our results remain the same. Column 6 presents the lagged exposure test proposed by
Jaeger et al. (2018), showing that the effects on in-state freshman enrollment are unlikely
to be driven by persistent pre-existing trends. Columns 7 and 8 show that our results are
robust to including the top 80 POs in the share construction and to estimating unweighted
regressions of equation (1).

Lastly, we examine the robustness of our results to alternative share and shock mea-
sures. In column 9 of Appendix Tables A.4 and A.5, we use the first difference in national
international undergraduate inflows by PO from the Institute of International Education

as an alternative shock measure. In Appendix Table A.6, we instead use schools’ interna-

2We compute Rotemberg weights following Goldsmith-Pinkham et al. (2020) to measure the weight of each PO (see the full list
in Appendix Table A.9). POs that exhibit higher real GDP per capita growth and a strong first stage correlation between initial
international enrollment share and international enrollment change tend to have higher Rotemberg weights. Among the POs, China’s

weight ranks ninth due to its relatively low first stage correlation, despite having the highest demand shock.
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tional enrollment shares in 1997 as an alternative share measure.!®* The estimates remain

qualitatively unchanged under both alternative share and shock measures.

5 Discussion and extensions

5.1 What do public universities value?

Results from Section 4.1 suggest that when public universities receive additional tuition
revenue from international students, they choose to expand seats for in-state students
rather than increase quality by raising per-student spending. This rejects the hypothesis
that international students crowd out in-state students.

Our results also suggest that schools are unlikely to be capacity constrained in physical
space, but they are in monetary resources. We test further whether international students
displace in-state students at more capacity-constrained schools. Columns 1-2 of Appendix
Table A.7 show the impact of education exports on main outcomes of interest by whether a
university requires first-year students to live on campus in the baseline year (2003). While
the effects of education exports are concentrated in schools that do not require freshmen
to live on campus, there is no detectable crowding-out effect at schools with a live-on-
campus requirement. This result strengthens the finding that in-state enrollment is a key
optimizing objective for public universities.

One dimension of school quality that has not been considered is the academic ability
of students. The increased monetary incentive to recruit international students during the
Great Recession may lead schools to lower admission standards for international students.
Since international students also lead to higher in-state enrollment, the academic ability

distribution of freshman can also be influenced by the marginal in-state student. Panel B

13This specification results in a smaller sample of 341 public institutions because fewer schools enrolled international undergraduate

students in 1997.
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of Table 2 reports the impact of education exports on SAT quartiles of the freshman class
by math and verbal. The 25" and 75" percentiles proxy for admission thresholds and
high-achiever quality.

Columns 1 and 3 show that international enrollment increase has a positive and sta-
tistically significant effect on the 75" percentile of SAT math scores but has no significant
effect on verbal. For every 10 additional international students enrolled, the top quartile
of SAT math scores for the freshman class increases by 0.59 points. Despite a small magni-
tude, this result suggests that schools benefit from admitting more high-scoring students.
Given that on average, international students score 105 points higher than their US peers
on SAT math (Chen et al., 2023), the increase in the SAT math quartile is likely attributed
to the rise in international students. An important observation is that the average share
of international students in the freshman class is very small (4 percent in 2016). Hence,
for the marginal international student to move the SAT percentiles of the entire freshman
class, the SAT scores of the marginal student must be considerably high.

In addition, columns 2 and 4 show that education exports have significantly positive
impact on the 25" percentile of SAT math and verbal scores. This suggests that institutions
did not systematically lower but even raise admission standards for marginal international
and in-state students. A potential way schools attracted more qualified in-state students
was by decreasing tuition and fees for local students. Columns 1-3 of Appendix Table A.8
show that every 10 additional international students lead to a decrease of the listed price
for in-state students by 0.005 log points. In contrast, education exports have no impact on
the listed price for out-of-state students or institutional aid.

Thus far, we have presented evidence to support that in-state enrollment is one of
public universities’” core interests. Our results do not rule out that school quality is an
important objective, butis, less prioritized than in-state enrollment. Institutions with high

exposure to foreign demand shocks kept per-student spending constant and did not lower
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admission standards.

Whereas maximizing over in-state enrollment may be surprising when state appro-
priations decreased, there are several reasons why expanding seats for local residents
is beneficial to public universities. First, the market for recruiting in-state students is
competitive, especially with demographics shifting towards the declining college-aged
population. Since local residents are the major supply of students on campus, maximiz-
ing in-state enrollment can help universities maintain a healthy enrollment level in the
long run. Second, since in-state students are more likely to stay in the state after gradua-
tion (e.g., Mountjoy, 2022), they may be particularly valuable for schools seeking to build
stronger local networks, attract donations, and even gain political bargaining power for
higher education funding. For example, Chatterji et al. (2018) find that state legislatures

with more in-state public college alumni spend more on education.

5.2 Treatment effect heterogeneity

Panel (b) of Appendix Figure A.1 shows that the expansion of education exports is con-
centrated in research institutions, which are typically more attractive to international
students. Columns 3-4 of Appendix Table A.7 show that the impact of education exports
is more pronounced at public research universities. Furthermore, columns 5-6 show that
the effects are larger at institutions with a higher profit margin for international students
than in-state students. The profit margin is measured by the ratio of net tuition and fees
for international students to that for in-state students. Data for institutional aid is from

F-1 visa administrative data and IPEDS for domestic students.
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5.3 The impact of education exports on state appropriations allocation

State appropriation allocation is complex. The funding proposal is often developed by a
state education board.'* Given the limited amount of state budget for higher education
funding, institutions with higher ability to generate tuition revenue from international
students may receive fewer state funding appropriations.

We examine the effect of education exports on state funding received in Panel A of
Table 3. Column 1 shows that an increase in international student enrollment leads to a
weak decrease in state appropriations. Columns 2-3 break the sample into research and
non-research institutions. Public research universities enroll over 70 percent of interna-
tional undergraduates at public institutions and hence have a higher ability to generate
tuition revenue from education exports. Columns 2-3 show that the effect is pronounced
at research institutions. For every 10 additional international students enrolled, the state
funding received by research institutions reduces by 0.007 log point. The effect is insignif-
icant for non-research institutions, where the instrument is weak.

In Panel B, we examine whether the allocation of state appropriations within a state can
depend on peer institutions” ability to attract international students. Columns 2-3 show
that for both research and non-research universities, every 10 additional international
students enrolled at peer institutions in the same state is associated with a 0.001 log point
increase in state appropriations. These results suggest that education exports also have

an impact on the allocation of state appropriations across institutions.

6 Conclusion

This paper leverages the impact of education exports on the US higher education market

to better understand public universities” objectives and how schools respond to financial

14See Deming and Walters (2017) and Chatterji et al. (2018) for more details on the state funding determination process.
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incentives. Without changing school quality, maximizing in-state enrollment subject to
budget and capacity constraints is a core interest of public universities.

Contrary to criticism that international students crowd out domestic students, we find
that the public sector of the US higher education market benefited greatly from inter-
national students’ increase. Universities with larger increases in international students
expanded in-state enrollment while maintaining school quality. Khanna et al. (2025)
demonstrate that the trade deficit in goods cycles back as a surplus in US exports of
education services, and this paper shows that exports in education service have a large
positive impact on the US higher education market.

Note that international undergraduates have value beyond what is captured in this
paper. For example, college presidents have advocated for the importance of international
students by arguing that global diversity is valuable for college campuses and US students
(Wong, 2018). They are also more likely to be in STEM majors and hence contribute to the
STEM workforce; however, Anelli et al. (2023) find that they can shift domestic students
to non-STEM majors with higher expected income.

A policy implication of this paper is that keeping foreign demand for US education
high is important for US students and universities, especially given the recent revenue
shortfalls due to the COVID-19 pandemic. However, the task is difficult due to recent
events such as the trade war and immigration restrictions. For example, the recent political
tension between the US and China may have driven some Chinese students to the UK
(Bennett et al., 2019). Furthermore, China has increased its investment in providing
high-quality education, and Chinese universities have increasingly been included in to
top university rankings (Bound et al., 2021). One way to increase foreign demand is by
relaxing immigration policies. Studies show that less restrictive student and work visas
increase international student inflow to the US, especially for those with high SAT scores

(Kato and Sparber, 2013; Chen et al., 2023).
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Figures and tables

Table 1: The impact of education exports on domestic enrollment

Domestic
graduates
In-state Out-of-state in 6 years
OLS 25LS 25LS OLS 25LS 25LS 2SLS
(1) (2) (3) (4) (5) (6) (7)
New intl. student —0.026 1.801  1.896™  0.030 0.421 0.395 1.251*
enrollment (0.144) (0.909) (0.912) (0.083) (0.332) (0.331) (0.514)
First-stage estimates
SSIvV 0.571*  0.568" 0.571* 0.568™  0.546™"
(0.151)  (0.152) (0.151)  (0.152) (0.160)
1%t-stage F-stat 54.17 53.60 54.17 53.60 60.20
Year FE Yes Yes Yes Yes Yes Yes Yes
Controls No No Yes No No Yes Yes
Observations 5,013 5,013 5,013 5,013 5,013 5,013 4,072
No. of schools 412 412 412 412 412 412 412

Notes: Dependent variables are institutions’ yearly change in the number of degree-seeking first-time in-state and out-of-state
undergraduates entered in the fall semester. The independent variable of interest is the yearly change in the number of degree-
seeking first-time international undergraduates entered in the fall. The SSIV, defined by equation (2), reflects an institution’s
exposure to yearly change in foreign purchasing power of US colleges based on historical networks. Controls include lagged
population at age 18 and unemployment at the state-year level. Data include four-year, Title-IV, degree-granting, public institu-
tions in 2003/04-2016/17 academic years. Regressions are weighted by total undergraduate full-time enrollment in 2003. See

ok

Section 2.1 for more details on data. Standard errors, clustered at school level, are in parentheses. = significant at 1 percent

level, ** = significant at 5 percent level, * = significant at 10 percent level.
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Table 2: 2SLS estimates for the impact of education exports

A. Impact on student spending

Log expenditures on students

Academic Student No. of new
Per pupil  Total Instruction support services faculty hires

(1) (2) 3) (4) (5) (6)
New intl. student  0.001 0.005* 0.006™ 0.002 0.001 1.141
enrollment (x10) (0.002)  (0.002) (0.003) (0.004) (0.004) (0.426)
1%'-stage F-stat 55.90 55.90 55.90 55.90 55.90 55.47
Observations 4,858 4,858 4,858 4,858 4,858 4,529
No. of schools 411 411 411 411 411 405

B. Impact on freshman SAT scores
SAT Math SAT Verbal
75t petl  25M petl  75M petl 25t petl

(1) 2) 3) 4)

New intl. student ~ 0.593* 0.572* 0.338 0.600™

enrollment (x10) (0.264) (0.254) (0.247) (0.289)

1%'-stage F-stat 51.89 51.89 51.89 51.89

Observations 3,410 3,410 3,410 3,410

No. of schools 366 366 366 366

Year FE Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes

Notes: Dependent variables in panel A are institutions’ yearly change in total expenditures on students (broken down by instruc-
tion, academic support, and student services), per pupil total expenditures, and the number of new tenure-track faculty hires.
Dependent variables in panel B are SAT quartiles of the freshman class in the fall by math and verbal. All monetary dependent
variables are in logs and are adjusted for inflation using the Higher Education Price Index. The independent variable of interest is
the yearly change in the number of degree-seeking first-time international undergraduates entered in the fall. The SSIV, defined
by equation (2), reflects an institution’s exposure to yearly change in foreign purchasing power of US colleges based on historical
networks. Controls include lagged population at age 18 and unemployment at the state-year level. The Cragg-Donald F-statistic
on the SSIV in the first-stage is reported. Data include four-year, Title-1V, degree-granting, public institutions in 2003 /04-2016/17.
Regressions are weighted by total undergraduate full-time enrollment in 2003. See Section 2.1 for more details on data. Standard
errors, clustered at school level, are in parentheses. ** = significant at 1 percent level, ** = significant at 5 percent level, * = signifi-

cant at 10 percent level.
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Table 3: The impact of education exports on state appropriations allocation

Institutional type

All Research Non-research

1) ) 3)
Panel A: 2SLS estimates
New intl. student -0.005* -0.007* 0.011
enrollment (x10) (0.003)  (0.003) (0.025)
1St-stage F-stat 48.72 24.79 4.63
Controls Yes Yes Yes
Panel B: OLS estimates
New intl. student enrollment (x10) 0.001* 0.001™
at peer institutions in the same state (0.000) (0.000)
Year FE Yes Yes Yes
Observations 4,892 2,117 2,775
No. of schools 412 179 234

Notes: The dependent variable is state appropriations received by an institution. All monetary depen-
dent variables are in logs and adjusted for inflation using the Higher Education Price Index. For Panel A,
the independent variable of interest is the yearly change in the number of degree-seeking first-time in-
ternational undergraduates entered in the fall. The SSIV, defined by equation (2), reflects an institution’s
exposure to yearly change in foreign purchasing power of US colleges based on historical networks. The
Cragg-Donald F-statistic on the SSIV in the first-stage is reported. For Panel B, the independent variable
of interest is the yearly change in new international undergraduates at peer institutions in the same state.
Research institutions are classified based on Carnegie 2015 definitions of high or very high research activ-
ity. Controls include lagged population at age 18 and unemployment at the state-year level. Data include
four-year, Title-IV, degree-granting, public institutions in 2003 /04-2016/17. Regressions are weighted by
total undergraduate full-time enrollment in 2003. See Section 2.1 for more details on data. Standard er-

ok

rors, clustered at school level, are in parentheses. = significant at 1 percent level, ** = significant at 5

percent level, * = significant at 10 percent level.
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Figure A.1: International undergraduate enrollment in the US
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(b) By public four-year university type, new enrollment in fall
Note: Data for (a) include all undergraduate degree-granting institutions and are from the Institute of International Education, and

data for (b) include public four-year universities only and are from IPEDS, both for the 2000/01 to 2016/17 academic years.
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Figure A.2: Listed undergraduate tuition and fees at public four-year institutions
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Note: The figure shows the average published tuition and fees weighted by FTE reported in IPEDS at four-year, Title-IV, degree-
granting, non-online, and public four-year US institutions between 2002/03 and 2017/18 academic years. Prices are adjusted for
inflation using the Higher Education Price Index in 2019 USD. Research institutions are classified based on Carnegie’s 2015 definitions

of high or very high research activity.
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Figure A.3: Worldwide outbound tertiary education enrollment (millions)
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Data Source: The United Nations Educational, Scientific and Cultural Organization, and the Institute of International Education’s

Project Atlas for outbound enrollment data prior to 1997.
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Figure A.4: Share of net tuition revenue from international students in total tuition revenue
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Note: Data on international students’ tuition revenue net of institutional aid are from administrative data on F-1 visas obtained from
ICE. Data on total tuition revenue are from IPEDS. The box plot shows percentiles of the revenue share distribution across public

four-year universities weighted by FTE.
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Figure A.5: Graphic presentation of the first-stage regression
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Note: The figure shows a binned scatter plot of data on the change in international freshman enrollment, change in foreign demand

shock IV, and the fitted line using the estimate from the first-stage regression in column 3 of Table 1.
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Figure A.6: Correlation between initial shares of top PO and pre-trends in outcomes
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Table A.1: US trade in services by type in 2018

Exports Sharein Rank in

Service category (millions $) surplus surplus %

Personal travel-Other 127,054 0.040 12
Professional & Mngmt consulting svc 86,828 0.151 2
Financial Mngmt, advisory, & custody svc 53,335 0.157 1
Use of IP-Industrial processes 45,287 0.078 7
Personal travel-Education 44,715 0.139 3
Research & development svc 42,555 0.031 13
Air transport-Passenger 41,465 -0.002 23
Business travel 38,813 0.086 5
Use of IP-Computer software 37,643 0.105 4
Technical, trade-related, & other business svc 36,438 0.026 15
Maintenance & repair svc 30,967 0.086 6
Credit card & other credit-related svc 25,766 0.063 10
Computer svc 24 455 -0.032 26
Use of IP-Trademarks & franchise fees 23,997 0.076 8
Use of IP-Audio-visual & related products 21,749 0.021 18
Secty lending, elec funds xsfer, & other fin svc 21,425 0.067 9
Government goods & svc 21,235 -0.007 24
Insurance svc 17,465 -0.096 27
Sea transport—Port 15,610 0.049 11
Air transport-Freight 15,333 0.024 16
Secty brokerage, underwriting, & related svc 11,489 0.024 17
Air transport-Port 11,390 -0.011 25
Information svc 9,386 0.026 14
Telecommunications svc 9,355 0.014 19
Other modes of transport 5,149 0.005 21
Personal travel-Health 4,097 0.006 20
Sea transport-Freight 3,903 -0.124 28
Use of IP-Other 72 0.000 22
Total service exports 826,981

Total surplus in trade svc 259,660

Source: Bureau of Economic Analysis.
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Table A.2: Summary statistics (mean) by public institutional type in selected years

All Research Non-research

2005 2011 2016 2005 2011 2016 2005 2011 2016
1) (2) (3) (4) (5) (6) (7) (8) ©)

New undergraduate enrollment

International 29 59 88 47 111 164 14 19 29
In-state 1,600 1,714 1,765 2,407 2,547 2,666 986 1,081 1,072
Out-of-state 283 344 410 481 599 733 133 151 162
Outcome of domestic cohort in 6 years
Graduate 1,042 1,200 . 1,743 2,003 . 505 589
SAT of the freshman class
Math 75% pctl 588 585 583 614 619 620 564 556 551
Math 25% pctl 478 477 473 503 505 505 453 452 446

Verbal 75t pctl 579 571 570 601 598 602 558 546 541
Verbal 25" pctl 469 461 462 490 485 490 449 440 438

Listed tuition and fees (2019 USD)

In-state 7453 9,177 9,896 8218 10,264 11,069 6,872 8350 8,994

Out-of-state 18,889 21,465 22,770 21,903 25,455 27,581 16,596 18,430 19,074
State appropriations (2019 USD, millions)

State funding 120 100 105 212 176 185 50 43 44
Expenditures on students (2019 USD, millions)

Instructional 127 165 179 231 297 328 48 63 64

Academic supp. 33 46 53 62 87 102 11 15 16

Student service 19 26 30 30 41 48 11 15 16

Total 179 238 263 323 425 477 70 94 97
No. of schools 412 179 233

Notes: Data include four-year, Title-IV, degree-granting, public institutions observed in both IPEDS and IIE data. Monetary variables
are adjusted for inflation in 2019 dollars using the Higher Education Price Index. Research institutions are classified based on Carnegie

2015 definitions of medium, high, or very high research activity. See Section 2.1 for more details on data.
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Table A.3: Pre-trends test

South Korea Hong Kong Singapore China

(1) (2) (3) (4)
In-state -0.731 1.423 —-2.887 3.853
(2.193) (4.722) (7.698) (4.448)
Per-student spending 1.085 -0.262 6.010 -1.729
(0.795) (2.616) (3.886) (1.854)
State pop 18 0.144 1.708 1.320 1.549
(0.623) (1.313) (2.724) (1.312)
Unemployment rate 6.168 24.487 48.708 18.052
(8.992) (19.251) (35.285)  (13.608)
State appropriations —1.358* —2.869 —-3.461 -1.138
(0.784) (2.014) (2.972) (1.897)

Observations 353 353 353 353

Notes: Dependent variables are log change in in-state enrollment, per-student spending, population 18,
unemployment rate and state appropriations for public institutions between 1992 and 2003. The inde-
pendent variable is the initial international enrollment share of top PO in 2002, scaled up by 10. Standard
errors, clustered at school level, are in parentheses. ** = significant at 1 percent level, ™ = significant at 5

percent level, * = significant at 10 percent level.
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Table A.4: SSIV robustness checks: In-state freshman enrollment

1) 2) (©) (4) (©) (6) ) 8) )
Exclude top 3 1.955°
Rotemberg weight (1.107)
Exclude China 2.205
(1.040)
Add state app. 1.880™
as a control (0.896)
Add state FE 2173
(1.279)
AKM SE test 1.896™*
(0.383)
Lagged SSIV 3.899
(2.530)
—-1.570
(2.100)
Include 80 PO in share 1.948"
(1.050)
Not weighted 3.364™
(1.087)
Use tot. intl. UG inflows 1.747*
by PO as shock (0.942)
1St-stage F-stat 29.63 44.24 54.75 22.98 53.60 3.73 42.57 14.79 52.74
Observations 4,871 5,013 4,903 4,851 5,013 4,871 5,011 5,013 5,006
No. of schools 412 411 411 395 411 408 411 411 412

Notes: All columns include year fixed effects and controls. Clustered standard errors at school level are in parentheses. ** = p<0.01, * = p<0.05, and * = p<0.1.
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Table A.5: SSIV robustness checks: Log of per-student spending

(1) (2) (3) (4) (5) (6) (7) (8) ©)

Exclude top 3
Rotemberg weight
Exclude China

Add state app.
as a control
Add state FE
AKM SE test

Lagged SSIV

—0.000
(0.000)
0.000
(0.000)
0.000
(0.000)
0.000
(0.000)
0.000
(0.000)

0.001
(0.001)

~0.001
(0.001)

Include 80 PO in share —0.000

Not weighted

(0.000)
0.001
(0.001)

Use tot. intl. UG inflows —0.000

by PO as shock

1%t-stage F-stat
Observations
No. of schools

(0.000)

31.22 46.55 56.87 22.61 55.90 4.49 46.62 16.35 57.52
4,717 4,857 4,768 4,696 4,858 4,717 4,855 4,858 4,856
411 411 411 395 411 408 411 411 412

Notes: All columns include year fixed effects and controls. Clustered standard errors at school level are in parentheses. ** = p<0.01, * = p<0.05, and * = p<0.1.



Table A.6: SSIV robustness checks using 1997 shares

(1) (2) ) (4)
In-state  Log per-student SAT math Log state
enrollment spending 75t pctl  appropriations
New intl. student 1.940" -0.002 0.564" -0.008™
enrollment (1.065) (0.002) (0.305) (0.004)
1%t-stage F-stat 33.10 31.55 32.13 33.01
Observations 4,319 4,148 3,010 4,153
No. of schools 341 341 310 339
Year FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Notes: The independent variable of interest is the yearly change in the number of degree-seeking first-time inter-
national undergraduates entering in the fall. Column (1) reports the effect on in-state undergraduate enrollment;
column (2) reports the effect on log per-student spending; column (3) reports the effect on the 75th percentile of
SAT math scores; and column (4) reports the effect on log state appropriations. All columns include year fixed
effects and controls for lagged population at age 18 and unemployment at the state-year level. Regressions are
weighted by total undergraduate full-time enrollment in 2003. Standard errors, clustered at the school level, are

in parentheses. ** = p<0.01, ™ = p<0.05, and * = p<0.1.
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Table A.7: 2SLS estimates heterogeneity for the impact of education exports

Live on campus Research Net tuition ratio
Yes No Yes No Above p50 Below p50
(1) () (3) (4) () (6)
A. In-state undergraduate enrollment

New intl. student —0.807 3.397*  1.792* 10.309 1.855™ 2.483
enrollment (1.133)  (1.556) (1.075) (7.051) (0.920) (2.619)
1%t-stage F-stat 18.15 24.28 22.04 3.04 50.22 8.31
Observations 1,754 3,243 2,133 2,864 2,559 2,329
No. of schools 140 272 179 234 205 198

B. Log of per-student spending
New intl. student  0.001 —0.001 0.001 -0.011 —0.000 0.000
enrollment (x10) ~ (0.004) (0.003)  (0.003)  (0.017) (0.002) (0.006)

1St—stage F-stat 18.52 26.21 23.67 5.43 50.31 9.53

Observations 1,690 3,151 2,118 2,723 2,470 2,278

No. of schools 140 271 179 233 205 197
C. SAT math 75 pctl

New intl. student  0.640 0.581* 0.735* -2.149 0.718" 0.449

enrollment (x10)  (0.589) (0.329) (0.314) (1.607)  (0.279) (0.638)

1%t-stage F-stat 23.15 25.06 24.79 4.63 52.87 9.54
Observations 1,099 2,299 1,752 1,646 1,709 1,634
No. of schools 125 241 171 195 183 175

D. Log of state appropriations
New intl. student -0.003 -0.006" -0.007  0.011 —0.007 0.000
enrollment (x10) ~ (0.005)  (0.004) (0.003)  (0.025) (0.002) (0.007)

1%t-stage F-stat 23.15 25.06 24.79 4.63 52.87 9.54
Observations 1,672 3,220 2,117 2,775 2,471 2,321
No. of schools 140 272 179 234 205 198
Year FE Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes

Notes: The net tuition ratio is the net tuition and fees for international students divided by net tuition and fees for in-
state students, where net is defined as taking out institutional aid. The independent variable of interest is the yearly
change in the number of degree-seeking first-time international undergraduates entered in the fall. Controls include
lagged population at age 18 and unemployment at the state-year level. Data include four-year, Title-IV, degree-granting,
public institutions in 2003/04-2016/17. Regressions are weighted by total undergraduate full-time enrollment in 2003.
Standard errors, clustered at school level, are in parentheses. ** = significant at 1 percent level, ** = significant at 5

percent level, * = significant at 10 percent level.
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Table A.8: 25LS estimates for the impact of education exports on other outcomes

Tuition and fees

In-state Out-of-state Institutional aid

(1) (2) 3)
New intl. student -0.005* —0.001 —-0.009
enrollment (x10)  (0.002) (0.002) (0.008)
1%t-stage F-stat 50.62 50.62 55.10
Year FE Yes Yes Yes
Controls Yes Yes Yes
Observations 4,823 4,823 4,969
No. of schools 411 411 412

Notes: Dependent variables are listed tuition and fees for in-state students, out-of-state
students, and institutional aid. All monetary dependent variables are in logs and ad-
justed for inflation using the Higher Education Price Index. The independent variable
of interest is yearly change in the number of degree-seeking first-time international
undergraduates entered in the fall. The SSIV, defined by equation (2), reflects an insti-
tution’s exposure to yearly change in foreign purchasing power of US colleges based
on historical networks. Controls include lagged population at age 18 and unemploy-
ment at the state-year level. The Cragg-Donald F-statistic on the SSIV in the first-stage
is reported. Data include four-year, Title-IV, degree-granting, public institutions in
2003/04-2016/17. Regressions are weighted by total undergraduate full-time enroll-
ment in 2003. See Section 2.1 for more details on data. Standard errors, clustered at

ok

school level, are in parentheses. ™" = significant at 1 percent level, ** = significant at 5

percent level, * = significant at 10 percent level.
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Table A.9: Rotemberg weights for top 30 PO

Place of origin

South Korea
Hong Kong
Singapore
Indonesia
Saudi Arabia
Taiwan
India
Malaysia
China
Trinidad & Tobago
Canada
Pakistan
Turkey
Thailand
United Kingdom
Colombia
France
Bangladesh
Jamaica
Brazil

Nepal

Kenya
Germany
Romania
Japan
Nigeria
Mexico
Bulgaria
Russia
Venezuela

Rotemberg weights
In-state  Per-student spending
0.214 0.250
0.193 0.145
0.157 0.174
0.149 0.121
0.089 0.082
0.075 0.056
0.064 0.072
0.061 0.063
0.050 0.048
0.015 0.030
0.012 0.015
0.009 0.010
0.008 0.011
0.006 0.006
0.003 —0.001
0.002 0.005
0.002 0.001
0.001 0.001
—-0.001 —-0.001
—0.002 —0.001
—-0.003 —-0.002
—0.004 —-0.003
—0.004 —0.002
—0.004 —0.005
—0.006 —0.001
—0.008 —0.009
—0.009 -0.018
-0.014 -0.014
-0.022 —0.008
-0.033 -0.027
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Table A.10: OLS estimates of the impact of education exports on student spending

Log expenditures on students

Academic Student No. of new
Per pupil Total Instruction support services faculty hires
1) (2) 3) 4) ) (6)
New intl. student —0.000 0.000 0.000 0.000 0.001 —0.034
enrollment (x10) (0.000) (0.000) (0.000) (0.000) (0.001) (0.058)
Year FE Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes
Observations 4,858 4,858 4,858 4,858 4,858 4,529
No. of schools 411 411 411 411 411 405

Notes: Dependent variables are institutions” yearly change in total expenditures on students (broken down by instruction, aca-

demic support, and student services), per-pupil total expenditures, and the number of new tenure-track faculty hires. All mone-

tary dependent variables are in logs and adjusted for inflation using the Higher Education Price Index. The independent variable

of interest is yearly change in the number of degree-seeking first-time international undergraduates entered in the fall. Controls

include lagged population at age 18 and unemployment at the state-year level. Data include four-year, Title-IV, degree-granting,

public institutions in 2003/04-2016/17. Regressions are weighted by total undergraduate full-time enrollment in 2003. See Sec-

tion 2.1 for more details on data. Standard errors, clustered at school level, are in parentheses. ™ = significant at 1 percent level,

** = significant at 5 percent level, * = significant at 10 percent level.
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