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Abstract
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start-up data, we exploit two complementary sources of plausibly exogenous variation in
international enrollment: tuition changes and pre-2004 enrollment networks. We find that
higher international enrollment significantly increases start-up formation within five years
of graduation. A substantial share of this effect operates through spillovers to US-born
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prior estimates understate the contribution of international students to entrepreneurial
activity in the US.
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1 Introduction
Innovation is a central driver of long-run economic productivity, and new firm creation plays a
fundamental role in diffusing technologies and ideas. In the United States, start-ups contribute
substantially to employment, real output, and productivity growth (Haltiwanger et al. 2016) and
are more likely than incumbents to commercialize high-potential innovations (Kolev et al. 2022).
Immigrants are significantly overrepresented among entrepreneurs and founders of innovative
firms, contributing more than proportionally to the dynamism of U.S. businesses (Azoulay et al.
2022; Amornsiripanitch et al. 2023).

The existing evidence is largely descriptive, focusing on the likelihood that immigrants create
new firms relative to natives. This approach captures immigrants’ direct contribution to firm
creation but remains silent on general equilibrium effects, including potential spillovers to the
entrepreneurial activity of native peers. Most studies therefore miss an important share of the
overall contribution of foreigners to start-up formation and innovation. This gap matters given
evidence of sizable positive spillovers in entrepreneurship (Anelli et al. (2023)) and findings that
firm creation benefits from innovative local environments (Baker & Welter (2024)), suggesting
that entrepreneurial ideas cross-fertilize across individuals.

A significant share of foreign-born entrepreneurs in the United States first entered as in-
ternational students, particularly through graduate programs that serve as gateways to the
U.S. innovation system (Hunt 2011; Amornsiripanitch et al. 2023). Since many U.S.-born en-
trepreneurs are also university graduates, graduate programs constitute fertile ground where
future entrepreneurs from diverse backgrounds interact, exchange ideas, develop entrepreneurial
attitudes, and form collaborative networks. Exposure to international peers during graduate
education may therefore shape the entrepreneurial activity of U.S.-born students in ways that
persist well after graduation, even when international graduates subsequently leave the country
(Beine, Peri & Raux 2023).

In this paper, we estimate the causal effect of international student enrollment in U.S.
Master’s programs on start-up formation by graduates within five years of completing their
degree. We identify this effect using two distinct sources of plausibly exogenous variation in
international enrollment across university cohorts. Our empirical design distinguishes between
start-ups founded by international graduates and those founded by (likely) U.S.-born gradu-
ates from the same cohorts, enabling us to estimate both direct and spillover effects of foreign
enrollment. We find that greater international enrollment significantly increases start-up for-
mation overall, with roughly one-third to two-thirds of this effect operating through spillovers
to U.S.-born classmates. These findings suggest that prior work focused solely on foreign-born
entrepreneurs has significantly understated the overall contribution of international students to
U.S. entrepreneurship.

A central empirical challenge in studying the link between higher education and entrepreneur-
ship is tracking graduates over their careers to observe both their university affiliation and
subsequent firm formation. Standard survey data typically lack precise information on the
institution attended by founders of new firms or provide limited coverage of entrepreneurial
outcomes of individuals, hindering systematic analysis of how educational exposure relates to
start-up creation. To overcome this limitation, we merge several data sources. We first draw
on Crunchbase.com, the largest crowd-sourced database of U.S. start-ups and the most com-
prehensive source of information on firms introducing new products or services to market (see
Dimmock et al. 2022). Crunchbase identifies company founders and detailed firm character-
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istics—including founding year, location, industry, and capital raised—and, through merged
LinkedIn information, records each founder’s university, highest degree, degree type, and year
of completion. We use these data to track start-up creation from 1999 to 2019 and construct
cohort-level measures of firms founded within five years of graduation by Master’s students
from U.S. universities graduating between 1999 and 2014.

We complement these data with administrative records from the Integrated Postsecondary
Education Data System (IPEDS), which we use to construct a panel of Master’s graduating
cohorts across U.S. universities. For each university and graduation year, IPEDS provides the
number and share of international students enrolled, as well as detailed tuition information by
institution and year. For public universities, we observe average tuition charged to in-state
and out-of-state students—a category that includes international students—and variation in
these tuition differentials serves as a source of exogenous variation in international enrollment.
Finally, we use individual-level data on F-1 student visas to reconstruct country-specific inflows
of international students to the United States in each year between 2001 and 2014. Combining
these inflows with the historical distribution of international students by country of origin across
universities yields an additional independent source of variation in international enrollment.

Our baseline specification relates start-up creation by graduates in a university-cohort cell
to the share of international students in that cohort. OLS estimation raises serious concerns
about omitted variable bias and endogenous sorting of students across universities and cohorts.
To address these, we rely on two complementary instrumental variable strategies exploiting
distinct sources of plausibly exogenous variation in the share of international students in Mas-
ter’s cohorts. The first uses cost-driven variation induced by tuition differentials across public
universities. The second captures push-driven variation from shifts in country-specific interna-
tional student inflows after 2003—when foreign enrollment began its sustained growth in the
U.S.—interacted with pre-existing historical enrollment networks across universities. Because
the two strategies operate on different margins, draw on different segments of the university
system, and are unlikely to share the same unobservable confounders, they provide complemen-
tary evidence on the causal effect of international enrollment. Importantly, both instruments
generate variation in cohort composition rather than in overall enrollment levels.

The first identification strategy exploits plausibly exogenous changes over time in the gap
between out-of-state and in-state Master’s tuition across public universities. Controlling for
university fixed effects and time-varying institutional characteristics, we isolate differential tu-
ition changes across comparable institutions that affect the relative cost of a Master’s degree
for international students versus U.S.-born students, thereby generating variation in the share
of international students across entering cohorts. We show that this variation is uncorrelated
with prior trends in foreign enrollment, local start-up intensity, and the quantity and quality
of U.S.-born students.

The second identification strategy, applied to private universities, uses a shift-share design
that interacts post-2003 changes in country-specific international student inflows with pre-2003
historical enrollment patterns across universities. This approach generates differential changes
in predicted international enrollment reflecting each university’s heterogeneous exposure to
origin-country inflows. Controlling for a rich set of fixed effects, the strategy isolates cross-
university variation over time that is uncorrelated with pre-2003 international enrollment levels
and entrepreneurial intensity.

We subject both strategies to a broad set of validity and robustness checks. The variation
exploited by each instrument is uncorrelated with pre-existing trends in start-up creation and
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other cohort-level outcomes; both IVs show no significant correlation with lagged international
enrollment or pre-entry start-up intensity. We also verify that each instrument predicts en-
rollment of foreign students but not of U.S.-born students, as required. The shift-share IV is
further subjected to the standard Goldsmith-Pinkham et al. (2020) tests. Crucially, despite
relying on different samples and distinct sources of variation, the two strategies yield highly
consistent estimates. Given that their potential limitations differ in nature, this convergence
strengthens the credibility of the causal interpretation and supports the external validity of our
findings.

Our main estimates show that a ten-percentage-point increase in the share of foreign stu-
dents in a Master’s cohort—approximately one standard deviation, corresponding to about 60
students—raises the number of start-ups founded by graduates within five years by roughly
0.5 firms. This is economically meaningful: it corresponds to about two standard deviations
of cohort-level start-up creation at public universities, and implies some 4,000 additional start-
ups per year attributable to the approximately 500,000 foreign graduate students enrolled.
The effect remains strong and statistically significant when we restrict attention to increas-
ingly successful ventures: it persists for firms surviving at least three years, for firms raising
above-median capital within their first three years, and for firms filing at least one patent—a
highly selective group representing about three percent of the sample. These results indicate
that international Master’s students contribute not only to more start-ups but also to more
successful ones.

The central contribution of the paper is to quantify what share of this effect operates through
spillovers to U.S.-born graduates. Because founders’ place of birth is not directly observed, we
infer national origin using a machine-learning algorithm from Forebears.io, which assigns origin
probabilities based on the global distribution of first-last name combinations. In a country with
a long immigration history, this approach is better at identifying individuals of foreign origin
than at distinguishing precisely between foreign-born founders and U.S.-born descendants of
immigrants, so some of the latter may be misclassified. We therefore adopt a conservative
strategy and bound the indirect effect from below by restricting the analysis to founders most
likely to have U.S. origins—thereby excluding anyone with a detectably foreign-origin name
and likely understating the spillover. We assess the extent of potential misclassification through
extensive manual checks on a subsample of founders, and use this assessment to simulate the
implications for our estimates.

Spillover effects account for a substantial share of the total impact. Depending on the
identification strategy, the Forebears attribution places the share of the overall effect operating
through U.S.-born graduates at between 25 and 50 percent. Correcting for the likely undercount
of U.S.-born founders arising from name-based misclassification raises this estimate to between
45 and 75 percent. Taken together, these findings indicate that graduate-level exposure to
international students generates sizable entrepreneurial spillovers on native peers.

Finally, we present evidence on the mechanisms behind the spillover effects. Co-founding be-
tween U.S.-born and foreign-origin alumni is substantially more frequent in cohorts with higher
international enrollment, consistent with collaboration playing an important role—and this ex-
tends beyond co-founding with classmates to partnerships with foreign-born entrepreneurs more
broadly. We also find that greater international enrollment is associated with greater variety in
the start-ups produced by a cohort, as measured by the diversity of keywords describing firms’
products and services. Together, these patterns suggest that exposure to international peers
during graduate education expands both collaborative networks and the range of entrepreneurial
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ideas brought to market.
This paper contributes first to the literature on immigrant entrepreneurship and firm cre-

ation. A large body of work documents that immigrants are disproportionately likely to become
entrepreneurs and to found innovative, high-growth firms in the United States and other ad-
vanced economies. Early studies establish that foreign-born individuals exhibit higher rates
of entrepreneurship than natives and contribute substantially to employment and economic
activity (Fairlie 2008; Fairlie & Lofstrom 2015). Subsequent research emphasizes their role in
high-tech entrepreneurship, patenting, and innovation (Hart 2011; Hart & Acs 2011; Kerr 2013;
Kerr & Kerr 2020), as well as strong job-creation effects and positive impact on firm survival
(Azoulay et al. 2022; Kerr & Kerr 2016). Related work highlights the importance of co-ethnic
networks and mixed native–immigrant founding teams for firm performance and hiring (Kerr &
Kerr 2021; Kerr & Mandorff 2023; Jin et al. 2025). While this literature establishes immigrants
as key entrepreneurial actors, it largely focuses on firms founded by immigrants themselves and
relies primarily on descriptive evidence, leaving open how immigrants affect entrepreneurial
activity beyond their own firm creation.

Second, the paper contributes to the literature on spillovers and peer effects in entrepreneur-
ship. Early work using aggregate data finds little evidence that immigrant entrepreneurs raise
native entrepreneurship and even suggests modest negative effects (Fairlie 2008). More recent
studies underscore the importance of peer interactions for entrepreneurial activity. Notably,
Anelli et al. 2023 show that a large emigration shock in Italy depressed firm creation, pointing
to spillovers from the departure of highly entrepreneurial individuals. Our paper differs by
focusing on spillovers generated by foreign students, while in school, and highlights diversity
and collaboration—rather than the sheer entrepreneurial quality of peers—as a channel for
expanding entrepreneurial ideas and innovation.

Finally, the paper contributes to the literature on high-skilled immigration and innovation.
Influential studies show that foreign-born individuals are strongly overrepresented among in-
ventors and play a causal role in shaping patenting and inventive collaboration (Kerr & Lincoln
2010; Bernstein et al. 2022). Patenting, however, captures only one channel through which
innovation affects economic dynamism, and largely abstracts from firm creation and the edu-
cational environments in which entrepreneurial ideas form. Related work documents foreign
graduate students’ contributions to scientific output and university patenting (Chellaraj et al.
2008; Stuen et al. 2012) and the innovation effects of student visa policies (Crown et al. 2020).
We complement this literature by focusing on innovative start-up creation as an important, un-
derexplored channel—distinct from patenting—through which international students contribute
to innovation.

The rest of the paper proceeds as follows. Section 2 describes the data. Section ?? details
both identification strategies and tests their validity. Section 5 reports the results on overall
entrepreneurship. Section 6 focuses on the indirect effects on start-ups created by US-origin
graduates and presents evidence on the underlying mechanisms. Section 7 concludes.

2 Data and Summary Statistics
Our empirical analysis combines detailed information on start-ups, their characteristics, and
founders with administrative data on Master’s graduates from US universities. Linking founder
records to university–cohorts allows us to connect start-up outcomes to the share of interna-
tional students and average tuition fees for each cohort. A key contribution of the paper is
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a novel dataset merging administrative records from the Integrated Postsecondary Education
Data System (IPEDS) with proprietary data from Crunchbase. This section describes each data
source, its main features, and the procedures used to construct the university–cohort panel and
merge it with start-up outcomes.

2.1 International Master’s graduates and tuition fees

IPEDS reports annual enrollment and degree-completion data for all US universities, by degree
and field of study. It distinguishes between domestic students and international students,
defined as non-resident aliens enrolled on temporary visas (typically F or J visas) who lack the
right to remain in the United States indefinitely after graduation; those who stay do so usually
on OPT extensions or H-1B visas. Domestic students comprise US citizens and permanent
residents.

IPEDS records the number of degree-seeking students enrolled each fall and the number
graduating each year, separately by degree type, field of study, and residency status. Our main
variables of interest are the size of the Master’s graduating cohort at each university and year,
and the share of international students within that cohort. The data span 1999–2014, and we
restrict the sample to institutions classified as Master’s- or Doctoral-degree–granting under the
Basic Carnegie Classification.

IPEDS also reports posted tuition fees for Bachelor’s and Master’s programs by university
and academic year. For public universities, tuition differs between in-state and out-of-state
students—a category that includes internationals. These fees vary substantially and idiosyn-
cratically across institutions and over time, reflecting institutional, financial, and administrative
factors, with significant year-to-year variation in both fee levels and the in-state/out-of-state
gap. We exploit this variation in tuition differentials, after controlling for institutional vari-
ables, as a source of exogenous variation in international enrollment at public universities. For
private universities, where tuition does not vary by residency status, we rely on an alternative
identification strategy based on country-of-origin networks, as described below.

2.2 Founders of Startups

The second key data source is Crunchbase, a crowd-sourced database providing detailed infor-
mation on US start-up firms and their founders, including the year operations began.1 Prior
research confirms broad coverage of early-stage innovative firms (Block et al. 2015; Dalle et al.
2017; Wang 2018), and the database has recently been used to study entrepreneurial outcomes
and start-up dynamics in the United States (Dimmock et al. 2022). Crunchbase combines sub-
missions from investors, firms, and platform users with internal data and validation procedures.
Because it launched in 2005, coverage of earlier firms is backfilled and sometimes less reliable;
accordingly, we restrict attention to firms founded from 1999 onward.

Our analysis covers Master’s cohorts graduating between 1999 and 2014 and tracks start-up
creation within five years of graduation, spanning 1999–2019. We adopt this window because
entrepreneurial activity is most tightly linked to skills, networks, and ideas formed during
graduate education in the years immediately following graduation; Appendix Figure A2 shows
that about 40 percent of founders who start a company do so within five years of completing

1Data are available at Crunchbase.com.
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their Master’s. The five-year cutoff also ensures consistent measurement of entrepreneurship
across early and late cohorts in the sample.

For each start-up, Crunchbase reports the year of founding, geographic location, and a set
of descriptive keywords characterizing the firm’s industry, technology, and products or services,
as well as key firm outcomes including funding rounds, total capital raised, and the date of
exit or cessation. Crunchbase also reports founder names and, where available, highest degree
attained, including the university, field of study, and graduation year. These records allow us to
identify educational background for approximately 29,000 founders, about 27 percent of all US
start-up founders in the database. In Section 2.4, we compare observable firm characteristics
for start-ups with and without founder education data to assess the representativeness of this
subsample.

We use these records to construct cohort-level measures of entrepreneurial activity by Mas-
ter’s graduates across universities and graduation years. Specifically, we count start-ups founded
within five years of graduation by alumni of each university–cohort cell. Because many start-
ups have multiple founders, each firm is assigned fractionally to its founders—each receiving
a weight equal to the inverse of the number of co-founders—so that aggregated counts are
comparable across cohorts of different sizes.

Beyond start-up entry, we use firm-level data to identify more successful and innovative
firms. We first flag firms that remain active for at least three years—a threshold that excludes
the least viable new entrants.2 We then identify firms that raise more venture capital within
their first three years than the median US start-up of the same age, which we term “above-
median capital” firms. Finally, we supplement Crunchbase with US Patent and Trademark
Office (USPTO) data to identify start-ups granted at least one patent within three years of
founding, using fuzzy name matching. Together, these measures capture survival, access to
external finance, and innovative activity—key dimensions of firm success.

2.3 Inferring US-origin of start-up founders

In the second part of the analysis, we estimate the spillover effect of international enrollment
on start-up creation by US-origin graduates. Because founders’ place of birth is not recorded
in Crunchbase, we infer national origin from first and last names. Name-based inference is
widely used in the social sciences to study ethnicity, migration, and origin when administrative
birth records are unavailable, and has been applied in economics to characterize patterns of
innovation, collaboration, and mobility across groups (e.g., Kerr & Kerr 2018; Clark 2014;
Beine, Peracchi & Zanaj 2023). We build on this literature to classify founders as likely US-
or foreign-origin, using an approach that yields a conservative lower bound on spillover effects
through US-born entrepreneurship.

We implement this classification using an algorithm from Forebears.io, which has compiled
the global distribution of first and last names by country of origin. For each first–last name
combination, the algorithm assigns a probability distribution over countries of origin based on
observed name frequencies worldwide.

The algorithm produces probabilistic attributions of names to origin countries and, as Fore-
bears documentation reports, correctly identifies the most likely country of origin for approx-
imately 85 percent of individuals on average, with somewhat lower accuracy in the United

2According to Bureau of Labor Statistics data, roughly 40 percent of private-sector establishments do not
survive three years.
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States.3 The main US error is classifying US-born descendants of immigrants—who may carry
“ethnic” first names—as foreign-origin. Misclassification is therefore asymmetric: false posi-
tives (US-born founders classified as foreign-origin) are substantially more common than false
negatives. Since our spillover analysis focuses on US-origin entrepreneurship, such errors me-
chanically bias estimated spillovers downward, and we interpret our estimates as conservative
lower bounds accordingly.

We apply this procedure to all founders in Crunchbase to obtain, for each individual, a
probability of US or foreign origin. Since the analysis is conducted at the university–graduation-
year level, we aggregate these probabilities to construct cohort-level counts of start-ups founded
by likely US-origin and likely foreign-origin graduates, weighting each founder’s contribution
by their origin probability.

This approach isolates, within the overall effect of international Master’s students on start-
up creation, the spillover operating through US-origin entrepreneurship. Because we use the
name-based classification only to distinguish US- from foreign-origin founders—not between
specific countries of origin—misclassifications among foreign-origin groups do not affect our
measure of US-origin start-ups.

To assess the accuracy of the name-based classification, we conduct a validation exercise on
a subsample of approximately 1,500 start-up founders whose place of birth we determine man-
ually. For each, we collect biographical information from publicly available sources—personal
websites, company profiles, professional pages, interviews, newspaper articles, YouTube videos,
blogs, communications and other online records—to establish whether the founder was born
in the United States or abroad. We then compare these manually verified origins with the
Forebears-based assignments to quantify the frequency and direction of classification errors.
Results are reported in Table 1. Of the 903 founders identified as US-born, the algorithm clas-
sified 287 (31%) as foreign-born (column 1); of the 636 identified as foreign-born, only 79 (12%)
were incorrectly classified as US-born (column 2). Overall, the algorithm is correct in 76 per-
cent of cases, with false positives—US-born founders classified as foreign-origin—substantially
more frequent than false negatives.

This pattern confirms that our spillover estimates are likely conservative. In Section 6, we
use the imputed error rates from Table 1 to simulate the implications of misclassification and
construct a probabilistic distribution—rather than a point estimate—for the estimated spillover
effect.

2.4 Summary Statistics and Trends

This section presents summary statistics describing the distribution of start-up creation by Mas-
ter’s graduates across US universities and cohorts. We document how entrepreneurial activity
varies across institutions, fields of study, and student origins, and we assess the representative-
ness of the sample used in the empirical analysis. Our final sample includes 37,628 start-ups
founded by master’s graduates of US universities between 1999 and 2014, representing roughly
one-third of all new US start-ups recorded in Crunchbase over this period.

Table 2 reports summary statistics for start-ups in the Crunchbase sample. Column 1
includes firms for which founders’ names are observed; Column 2 restricts to start-ups for
which we can additionally identify founders’ educational information, including degree, insti-
tution, and graduation year. Across most observable characteristics—firm age, co-founding

3See https://forebears.io/onograph/documentation/appendices/nationality-jurisdiction-probabilities.
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prevalence, employment size, founder gender composition, and the likelihood of a foreign-origin
founder—the two samples are very similar. We observe some differences in average capital
raised and patenting rates, discussed below. Overall, the subsample with complete founder
education data is broadly comparable to the larger sample, though potentially somewhat posi-
tively selected, supporting its use for analyzing the relationship between educational exposure
and entrepreneurial outcomes.

The analysis sample is split into two subsamples based on the identification strategy. Mas-
ter’s graduates from public universities form the tuition IV sample, while those from private
universities form the shift-share sample. Summary statistics for each are reported in Table 3:
Columns 1 and 2 correspond to public university graduates and Columns 3 and 4 to private
university graduates.

Average cohort size is similar across the two samples, though slightly larger at public uni-
versities. The share of foreign graduates is also comparable, at just under 10 percent in both.
Within each group, research-intensive universities—classified as R1 and R2 under the Carnegie
system—enroll substantially higher shares of foreign students, at approximately 15 and 20
percent, respectively. Entrepreneurial outcomes differ more markedly: the average number
of founders per cohort is considerably higher among private university graduates than public
university graduates (0.46 founders and 0.51 firms per cohort versus 0.17 founders and 0.19
firms).

Start-ups founded by public university graduates are somewhat more likely to be located in
the same state as their institution (56 percent versus 50 percent for private university gradu-
ates). In both samples, nearly all start-ups—about 98 percent—survive at least three years, well
above the national rate of roughly 60 percent. This high survival rate confirms that our sample
is positively selected toward higher-quality firms, and motivates our focus on the creation of
successful start-ups rather than entry alone.

Access to early capital is also higher for private university graduates: 39 percent raise more
capital in their first three years than the median US start-up of the same age, compared with
33 percent for public university graduates. Early patenting rates are nearly identical across the
two groups—3.34 and 3.48 percent of start-ups, respectively, are granted at least one patent
within three years of founding—further underscoring that our sample is concentrated in the
upper tail of the innovation distribution.

Figure 1 provides additional descriptive evidence on heterogeneity in start-up creation,
pooling graduates of public and private universities. It reports creation rates per 10,000 Master’s
graduates by field of study, institutional type, and country of origin. The top-left panel shows
substantial variation across majors: rates are highest in Business/Management and STEM
fields (Computer Science, Engineering, Health Sciences) and lower elsewhere. The top-right
panel uses the Carnegie classification to show that graduates of research-intensive universities
(R1 and R2) have significantly higher start-up rates, with R2 institutions—which often offer
applied Master’s programs—among the leading sources of entrepreneurship. The bottom panel
reports creation rates by country of origin for foreign students, using F-1 visa data. Rates are
particularly high for graduates from India and China, consistent with prior evidence on the
entrepreneurial activity of these groups in the United States (Kerr & Kerr 2020) and with their
status as the largest and fastest-growing source of foreign graduate students over the period
1999–2019.

Figure 2 plots average start-up creation rates by graduation cohort, separately for likely US-
origin and likely foreign-origin Master’s graduates. Each point represents the number of start-
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up founders within five years of graduation per 10,000 graduates. Solid lines cover US-based
start-ups; dashed lines additionally include firms founded abroad, also reported in Crunchbase.
Although the rest of the paper focuses on US-based firms, the comparison is informative:
overseas start-ups represent a meaningful share of total entrepreneurial activity for foreign-
origin graduates but not for US-origin graduates. This feature suggests that foreign Master’s
students in the US are more entrepreneurial overall relative to US ones.

Start-up creation among US-origin graduates rose from about 0.3 per 10,000 in the 1999
cohort to roughly 0.6 per 10,000 for cohorts graduating between 2009 and 2014. Part of the
post-2005 increase may reflect improved Crunchbase coverage: firms founded after 2005 could
be recorded contemporaneously rather than backfilled. The upward trend may also reflect the
macroeconomic disruptions of the Great Recession (2007–2009), which depressed labor market
conditions and increased graduate enrollment—a pattern documented in prior work (e.g., Bound
et al. (2020)) that we account for in our identification strategy. Our empirical analysis does
not, however, rely on the aggregate time-series variation shown in Figure 2.

The rates we document are comparable to estimates for founders of larger innovative firms
provided in the literature. For example, Azoulay et al. 2022 find that roughly one in 10,000
individuals founds a firm with more than 50 employees—similar to the rates we observe among
Master’s graduates. Since most start-ups in our sample survive beyond three years, raise
above-average capital, and generate patented innovations, this comparison with high-growth
firms further supports the representativeness of our dataset.

Foreign-origin Master’s graduates exhibit substantially higher start-up creation rates. In the
post-2010 period, they founded about 2.5 to 3 start-ups per 10,000 graduates when restricting
to US-based firms, and up to 4–5 per 10,000 when including firms created abroad. Foreign-
origin graduates are thus nearly an order of magnitude more likely than US-origin graduates
to found start-ups, and despite representing only about 10 percent of graduating cohorts, they
account for a comparable number of founders. This disparity suggests that higher international
enrollment may substantially raise overall start-up creation, and motivates our analysis of both
the direct and spillover effects on US entrepreneurship.

3 Empirical Strategy and Identification
This section describes the empirical approach and identification strategy for the causal effect
of international enrollment on start-up creation. We first present the baseline regression frame-
work and discuss the endogeneity concerns with OLS. We then describe the two complementary
instrumental-variable (IV) strategies that exploit distinct sources of plausibly exogenous vari-
ation in international enrollment.

A higher share of foreign-born graduates in a university–cohort may affect start-up creation
through two margins: directly, because foreign-born graduates are more likely to found innova-
tive start-ups; and indirectly, because exposure to entrepreneurially inclined international peers
during the Master’s program may affect the entrepreneurial propensity of US-born students.
These spillovers -depending wether they are positive or negative- can amplify or offset the direct
contribution of foreign graduates. The baseline specification captures the combined total effect
of both channels.

We estimate the total effect of international enrollment by relating variation in the share of
foreign-born graduates within a university–cohort cell over time to subsequent start-up creation
by graduates of that cohort. Outcomes are measured as the number of founders or start-ups
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created within five years of graduation. The unit of observation is a university–graduation-year
cohort of Master’s students. The baseline specification is:

Y n
ut = αu + αc(u)t + βFGut + εut (1)

where Y nut denotes the outcome of interest—the number of start-up founders (or start-ups)
created by graduates of university u and cohort t within five years of graduation—and in the
baseline specification includes all founders, capturing the total effect of international enrollment.

University fixed effects αu absorb time-invariant institutional characteristics correlated with
student selection and entrepreneurial outcomes. Cohort fixed effects interacted with broad
Carnegie classification categories, αc(u)t, flexibly control for time-varying shocks common to
similar institution types (e.g., R1, R2, or other). Together, these fixed effects restrict identifi-
cation to variation across cohorts within comparable universities over time.

FGut measures international enrollment in the cohort. In the benchmark specification, it
is the share of foreign-born graduates in the Master’s cohort, so that β captures the effect
of replacing one percentage point of US-born graduates with foreign-born graduates, holding
cohort size constant. In alternative specifications, FGut is the logarithm of the number of
foreign-born graduates, yielding the semi-elasticity of start-up creation with respect to foreign
enrollment while holding the number of US-born graduates constant.

3.1 Instrumental Variable Estimation

Potential OLS Bias

OLS estimation of equation (1) is likely biased due to omitted variables and endogenous sorting
across universities and cohorts. Local economic conditions—such as labor market opportunities,
business dynamism, housing costs, or local policy environments—may simultaneously affect
foreign-born enrollment and the propensity of graduates to found firms, inducing spurious
correlations between international enrollment and start-up creation and biasing β in either
direction.

These concerns are especially acute for international students, whose university and location
choices are particulalry sensitive to the the full costs of enrollment, including local housing and
prices. Relative to US-born students, foreign students are more sensitive to tuition, cost of
living and face no home-location bias within the United States. Changes in international
enrollment across cohorts may therefore reflect shifts in local economic conditions correlated
with entrepreneurial outcomes, rather than exogenous variation in student composition.

To address these concerns, we use two IV strategies that generate plausibly exogenous
variation in international enrollment across university cohorts over time: idiosyncratic changes
in relative tuition costs at public universities, and shift-share variation driven by past networks
and country-specific inflows of international students at private universities during a period of
rapid growth of some international groups. We describe each strategy in turn.

Residual tuition IV

Our first strategy exploits idiosyncratic changes in tuition fees charged by public universities to
out-of-state—and thus international—students relative to in-state students. While tuition levels
partly reflect systematic differences in institutional quality, resources, and local conditions, we
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isolate a residual component capturing quasi-random, university-specific changes in relative out-
of-state tuition over time. Following Borusyak & Hull (2023), we explicitly separate predictable
tuition variation from idiosyncratic shocks and verify that the latter is uncorrelated with pre-
existing trends in entrepreneurial outcomes and enrollment. Because the out-of-state premium
affects international but not most US-born students, it provides leverage over the share of
foreign students in a cohort without directly influencing the entrepreneurial environment.

This strategy extends Beine, Peri & Raux 2023, where tuition variation was used to study
the supply of foreign-born college graduates in US labor markets. Here we adapt the approach
to Master’s programs, using tuition variation to predict international enrollment at that level
and its effect on cohort-specific firm creation. We begin with a “stage-0” regression modelling
the out-of-state/in-state tuition gap as a function of observable, time-varying institutional char-
acteristics: university resources and financial conditions—total revenues, revenues per student,
total and instructional expenditures per student—as well as the share of state budget appro-
priations, lagged international enrollment, degree-type fixed effects, and year fixed effects. The
specification is:

(Out-of-state tuition - In-state tuition)udt = δt + γ′
1Quality proxiesu,t

+ γ2State appropriationsut + γ3Int. Graduatesu,t−1 + νut. (2)

where δt denotes year fixed effects and “Quality proxies” is the vector of controls listed above.
The identifying assumption is that unexpected changes in the relative tuition faced by in-
ternational students affect their enrollment decisions but are otherwise unrelated to the en-
trepreneurial propensity of the cohort. We use the residual from equation (2)—which captures
idiosyncratic changes in the out-of-state tuition gap uncorrelated with observable institutional
characteristics—as our instrument. To align tuition changes with enrollment decisions, we lag
the residual by two years, ν̂u,t−2, corresponding to the enrollment year of students in two-year
Master’s programs. Higher residual tuition gaps raise the relative cost of enrollment for inter-
national students and are thus expected to reduce their share in the corresponding graduating
cohort.

To illustrate the variation captured by the residual tuition component, consider the institu-
tional context of public university pricing. In many public systems, out-of-state tuition is used
as a margin of fiscal adjustment while in-state tuition is partially shielded by political or statu-
tory constraints. A prominent example is the University of California during the 2008–2009
fiscal crisis: following cuts in state appropriations, the system raised in-state tuition by approx-
imately 9 percent system-wide while increasing nonresident supplemental tuition by roughly
15 percent, widening the resident/nonresident gap by about 12 percent, with variation across
campuses and programs. These adjustments reflected budgetary pressures and the political un-
popularity of large in-state tuition increases, not local entrepreneurial conditions. In this and
analogous cases, poor investment performance and fiscal shortfalls drove out-of-state tuition
up while limiting in-state increases—adjustments plausibly orthogonal to trends in start-up
creation, a claim we verify by testing the instrument’s correlation with pre-period enrollment
and entrepreneurship trends.

The first-stage relationship between international enrollment and the tuition instrument is:

FGut = δu + δt + γ(ν̂u,t−2) + ζut (3)
where δu and δt are university and time fixed effects and ζut is an error term.

12



Shift-share IV

Our second and complementary identification strategy relies on a more standard shift-share
design, widely used in the immigration literature to isolate plausibly exogenous variation in
local exposure to immigrant inflows (Goldsmith-Pinkham et al. 2020). The core idea is to
exploit differences across universities in their pre-2003 composition of international students by
country of origin, interacted with aggregate changes over time in the inflow of students from
those countries.

Specifically, we focus on international students from the ten largest countries of origin in US
Master’s programs and construct predicted changes in international enrollment by interacting
each university’s pre-2003 exposure to students from a given country with subsequent national
inflows from that country4. A consideration makes this period especially suited to a Shift-
share analysis, where the shares pre-2003 are likely to be uncorrelated with school-specific
shocks in the considered period (2004-2014). The reason is that after 2003 a surge of graduate
international students took place in the US, following the restructuring of the Student visa
system after 9/11 and the introduction of the SEVIS (Student and Exchange visitor information
system) and the origin of students during this rapid surge (mainly from China and India) was
quite different from the main origins of graduate students before the surge (mainly Europe
and Latina America). This type of country of origin change is what allows us to separate the
impact of current students from lingering correlation with lagged immigration (as argued in
Jaeger et al. (2018)). As we will test in the validity checks, for this reason, the post-2003 flows
are not correlated with pre-period trends of foreign students’ enrollment.

To implement this strategy, we use administrative data on F-1 student visas covering in-
ternational Master’s students enrolled in US universities between 2001 and 2014. For each
university u and country of origin o, we compute the share of Master’s graduates from country
o in the base period 2001–2003. We then interact these initial shares with annual national
inflows of Master’s students from each country o starting in 2004, allocating aggregate inflows
across universities proportionally to their initial exposure. Summing across countries yields a
predicted number—and share—of international students in each university–cohort cell.5

We apply this strategy to private universities only, where tuition does not differ between
in-state and out-of-state students and the tuition-based instrument is therefore unavailable.
Restricting attention to private institutions also avoids potential crowding-in effects of foreign
enrollment on native enrollment that may arise in public universities (as argued in Shih (2017)).
The predicted share of international students is used as an instrument for observed international
enrollment in equation (1).

A robust feature of our empirical strategy is that the two instrumental-variable approaches
exploit distinct and complementary sources of variation in international enrollment. The
tuition-based instrument captures university-side pricing adjustments by public universities
that affect the relative cost of enrollment for international students. The shift-share instrument
captures post 2003 variation arising from changes in country-specific inflows of international
students interacted with historical (pre-2003) networks of enrollment at specific universities.
As a result, the two strategies identify effects for different sets of foreign-students-compliers
and rely on variation that is unlikely to be correlated to the same omitted variables between

4International master students from these 10 countries represented roughly 70% of all international master
students in the US in 2014.

5We fix the number of native students at its baseline level so that predicted international enrollment is not
mechanically affected by subsequent changes in native enrollment.
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the two approaches.
The two instruments also apply to different segments of the US higher-education system.

The tuition-based strategy is implemented for public universities, where tuition differs between
in-state and out-of-state students. In contrast, the shift-share strategy is applied to private
universities, where tuition does not vary by residency status and where crowd-in effects of
international enrollment on domestic enrollment are less likely to arise. Prior evidence shows
that in public systems, inflows of foreign students may increase native enrollment through cross-
subsidization or program expansion (Machin & Richard 2017; Shih 2017; Beine & Ragot n.d.)
a pattern we also observe in our data– but not in the private-university sample– and create a
correlation between number of foreign students and size of a master cohort.

Finally, the two strategies differ in sample composition and time coverage, the tuition-
based instrument is implemented for cohorts graduating between 1999 and 2014, while the
shift-share instrument is available for cohorts graduating between 2003 and 2015, reflecting the
availability of nationality-specific enrollment data. Yet, they yield highly consistent estimates
despite relying on different identifying assumptions. Because the potential limitations of each
approach are distinct in nature, the convergence of results across instruments and samples
substantially strengthens the credibility of the causal interpretation and supports the external
validity of our findings.

4 Strength and Validity of the IV’s

4.1 IV Strength

Table 4 reports first-stage estimates for the tuition instrument (columns 1–2) and the shift-
share instrument (columns 3–4). All specifications include university and Carnegie level-cohort
fixed effects, so identification exploits within-university variation in international enrollment
across comparable institutions.

Columns (1) and (2) show that the idiosyncratic component of out-of-state tuition differen-
tials strongly predicts international enrollment at public universities. A one-standard-deviation
increase in the residual tuition instrument reduces the share of foreign-born Master’s gradu-
ates two years later by 0.90 percentage points—sizable relative to the unconditional standard
deviation of roughly 10 percentage points. The estimate is stable when controlling for cohort
size, indicating that tuition variation affects cohort composition rather than overall enrollment.
Kleibergen–Paap first-stage F-statistics are around 77, well above conventional weak-instrument
thresholds.

Columns (3) and (4) report first-stage results for the shift-share instrument at private uni-
versities. A one-percentage-point increase in predicted foreign enrollment raises the realized
foreign share by 0.06 percentage points. The Kleibergen–Paap F-statistic is approximately
20, indicating adequate instrument strength. Appendix Figure A3 displays both first-stage
relationships via binned scatter plots and confirms no influential outliers.

4.2 Test of exclusion Restrictions

The identifying assumption is that both instruments affect start-up outcomes only through
changes in international enrollment. A key testable implication is that each instrument should
predict foreign graduates while leaving the number of US-born graduates in the same cohort
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unchanged. Table 5 directly tests this.6 For the tuition instrument, higher residual tuition
differentials significantly reduce the number of foreign graduates (column 3) while leaving native
graduates unchanged (column 5), so total cohort size falls entirely through the foreign channel.
For the shift-share instrument, predicted foreign inflows significantly raise foreign graduates
(column 6) without affecting native enrollment (column 4), with a small and insignificant
increase in aggregate cohort size. Both instruments thus operate through the intended channel
while leaving native enrollment unaffected.

A further potential threat to the tuition instrument’s exclusion restriction is that out-of-
state tuition changes may alter the average quality of US-born students: if out-of-state domes-
tic students respond to tuition changes and differ systematically from in-state students, the
instrument could affect entrepreneurial outcomes through cohort quality rather than through
international enrollment. Having shown that US-born cohort size is unaffected, we now check
whether cohort quality proxies are also unaffected.

We use graduation rates for US-born and foreign students as proxies for cohort quality. As
shown in Table A7, the tuition IV is uncorrelated with the US-born graduation rate (column
1), the foreign-born graduation rate (column 2), or the difference between the two (column
3)—all estimated coefficients are small and statistically insignificant. These results support the
exclusion restriction.

4.3 Test for differential pre-trends and previous periods correlation

The tuition instrument’s validity rests on the assumption that university-specific changes in
the out-of-state/in-state tuition gap are uncorrelated with pre-existing differential trends in
enrollment, university resources, or entrepreneurship. We conduct two sets of tests of this
assumption.

The first test follows the staggered difference-in-differences validity literature (e.g., Callaway
& Sant’Anna (2021)). We discretize the instrument by defining an “event” as each university’s
largest increase in residual tuition gap over the sample period, and align universities around
the timing of that shock. We then compare pre-event dynamics in entrepreneurship, university
resources, and student quality between early-shock and late-shock universities, controlling for
university and Carnegie-group-cohort fixed effects, scaling outcomes by the magnitude and
sign of the shock to test whether major pricing changes were anticipated or correlated with
pre-existing trends.

Table 6 reports Wald test p-values for the joint significance of pre-event coefficients across
outcome variables (number of entrepreneurs and firms created by Master’s cohorts), university
resources (expenses per student), and student quality proxies (OPT per graduate, graduation
rates for US-born and foreign students). For all variables, p-values are well above conventional
significance thresholds and associated F-statistics are small, so we cannot reject the null of zero
pre-event trends.

The second test regresses the residual tuition differential (predicting graduation in year t,
hence corresponding to tuition in year t− 2) on earlier measures—at t− 4 and t− 5—of foreign
student enrollment shares, graduation shares, and start-up rates. This checks whether tuition
variation is predictable from prior changes in international student composition or graduate

6Outcomes are transformed using the inverse hyperbolic sine to approximate elasticities while retaining
zero-valued observations. Appendix Table A4 reports analogous results using log(x + 1), with very similar
findings.
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entrepreneurship, which would suggest endogenous university policy responses. Panel A of
Table 7 shows that all coefficients are small and insignificant, providing no evidence of such
correlations.

The shift–share instrument exploits cross-university differences in pre-2003 origin-specific
enrollment shares interacted with national trends in international student inflows by origin.
Following a period of stagnation and decline after 9/11, foreign graduate enrollment surged
post-2003 when SEVIS replaced an outdated paper-based tracking system.7 Crucially, the
nationalities driving the post-2003 surge—primarily Chinese, South Korean, and Indian stu-
dents—differed markedly from those dominant in earlier decades (European, and Latin Amer-
ican), supporting the identifying assumption that post-2003 flows are uncorrelated with pre-
period enrollment trends.

We perform an analogous pre-trend test for the shift–share instrument by regressing pre-
dicted changes in international exposure over the main analysis period (2004–2014) on changes
in entrepreneurship rates and graduate counts in the preceding period (1995–2003). This cross-
sectional exercise checks whether universities facing stronger predicted post-2003 exposure were
already on differential trajectories before baseline shares were computed. Panel B of Table 7
shows no systematic correlation with prior entrepreneurship or enrollment outcomes. The one
exception is a positive and significant association between earlier growth in the number of inter-
national graduates and subsequent instrument variation (column 2), likely reflecting the persis-
tence of some origin nationalities across periods. Importantly, we find no pre-trend in start-up
rates at the university level. The following section presents the full Goldsmith-Pinkham et al.
(Goldsmith-Pinkham et al. (2020)) validity analysis for the shift-share instrument.

4.4 Validity of shift-share IV estimation

Following Goldsmith-Pinkham et al. (2020), we estimate Rotemberg weights to characterize
which origin countries drive identification in the shift-share estimates. The shift-share IV
estimate β̂ss can be written as:

β̂ss =
∑
k

αkβ̂
k

where β̂k is the IV estimate using only origin country k and αk is its Rotemberg weight. Coun-
tries with large positive weights—which sum to one—contribute the most identifying variation.

Table A1, Panel A reports the Rotemberg weights and associated statistics. Panel B reports
the estimated weights α̂k, the size of the inflow shock gk, and the coefficient from Table 9, column
(3), using only that country’s share as the instrument. Figure A1 plots the relationship between
country-specific F-statistics and estimated weights.

Panel B shows that China, India, Vietnam, and Canada carry the largest weights and
all yield positive and significant β̂k estimates; the estimate for China is closest to the main
specification in Table 9. Figure A1 confirms that countries with larger Rotemberg weights
also have larger first-stage F-statistics, indicating that the most influential origins are also the
strongest instruments.

Table 8 reports joint tests that pre-2003 coefficients are zero for the outcome variables listed
in the column headings, separately for the country shares with the largest Rotemberg weights

7See “Post-9/11 Policies Dramatically Alter the U.S. Immigration Landscape,” Migration Policy Insti-
tute, available at https://www.migrationpolicy.org/article/post-911-policies-dramatically-alter-us-immigration-
landscape.
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(listed in order of relevance). All joint pre-trend tests yield large p-values and small F-statistics
across outcomes and origin groups. This is especially notable for Chinese students, who account
for the largest share of identification in the shift-share IV. Together with the tuition IV results,
both instruments pass the pre-trend validity checks, showing no significant correlation with
lagged outcomes, pre-existing trends, or the quality and size of US-born Master’s enrollment.

5 Main Results

5.1 The effect of foreign graduate shares on start-ups

Table 9 reports the main results from estimating equation (1). Column (1) presents OLS esti-
mates for reference; the remaining columns report IV estimates that address omitted-variable
and endogeneity bias. The upper panel uses the residual tuition IV in the public university
sample (1999–2014 cohorts); the lower panel uses the shift-share IV in the private university
sample (2004–2014 cohorts). The OLS coefficient in column (1) is small and insignificant, con-
sistent with the downward bias that we will discuss in more details in Section 5.3 and with
Bound et al. (2020), underscoring the need for an IV strategy.

Columns (2) to (7) capture increasingly selective entrepreneurial outcomes. Column (2)
measures the number of start-up founders within five years of graduation; column (3) the
number of start-up firms. Column (4) restricts to firms surviving at least three years, column
(5) to those raising above-median capital within three years, and column (6) to those granted
at least one patent within three years. Column (7) covers firms founded in the same state as
the university.

Both IV strategies yield economically and statistically significant effects of international
enrollment on start-up creation, with estimates that are consistent across instruments and
samples. In column (2), a 10 percentage point increase in the foreign share—approximately
one standard deviation—raises the number of start-up founders by about 0.5 within five years.
Given that the average public-university cohort generates fewer than 0.2 start-ups (Table 3),
this implies more than a doubling of start-up creation. Column (3) shows a comparable increase
in firms: a 10 percentage point rise in foreign enrollment generates roughly 0.45–0.6 additional
start-ups per cohort. Columns (4)–(6) show that the effects extend to more selective outcomes.
International enrollment raises the number of three-year survivors and above-median-capital
firms under both IV strategies. For patenting firms—3 percent of the sample—the tuition IV
yields positive and significant effects; the shift-share IV produces positive but imprecise esti-
mates. Overall, foreign-born graduates raise not only the total of start-ups but specifically the
more successful ones. Column (7) shows that roughly 60 percent of additional start-ups are
founded in the same state as the university, suggesting the effect operates substantially through
local entrepreneurial ecosystems. Overall, the results indicate that higher international enroll-
ment in US Master’s programs causally increases start-up creation, including among successful
and innovative firms.

17



5.2 Robustness to alternative specifications

5.2.1 Alternative sets of fixed effects

Slow trends in university quality, program expansion, or student composition may confound
the relationship between international enrollment and entrepreneurial outcomes. Table 10 re-
estimates the tuition IV specifications including more demanding controls. Panel A restricts
to periods of relatively stable total enrollment and adds university-by-5-year-period fixed ef-
fects, absorbing medium-term institutional changes and isolating more idiosyncratic year-to-
year tuition-driven variation. Panel B adds university-specific linear time trends to control for
gradual shifts in institutional characteristics and entrepreneurial intensity.

The tuition IV estimates remain strongly consistent with the baseline across both panels.
If anything, coefficients are slightly larger when controlling for university-period effects, in-
dicating the baseline is not driven by gradual unobserved changes. Analogous exercises for
the shift-share IV (Appendix Table A5) show that university-specific trends leave estimates
largely unchanged. University-period fixed effects reduce precision and lower point estimates
somewhat, but coefficients remain positive, economically meaningful, and way larger than the
corresponding OLS estimates.

Finally, we exploit university-reported “peer groups”—sets of comparable institutions used
for benchmarking—by adding peer-group-by-year fixed effects, restricting identification to vari-
ation among similar institutions. Results in Table 11 closely match the baseline for both IV
strategies, with slightly larger effects for the tuition IV. These robustness checks confirm that
the main findings are not driven by institution-specific trends or differential evolution across
comparable universities.

5.2.2 Semi-elasticities

In the baseline specification, a one percentage point increase in the foreign share mechanically
replaces US-born with foreign-born students, holding cohort size fixed. To instead estimate the
effect of expanding foreign enrollment while holding US-born graduates constant, we replace
the share with the logarithm of the number of foreign graduates, yielding a semi-elasticity of
start-up creation with respect to foreign enrollment.

Panels C of Tables 10 and A5 report the corresponding IV estimates. Under the tuition
IV, a 10 percent increase in the number of foreign graduates raises start-up creation by ap-
proximately 0.5 firms per cohort within five years, consistent with the share-based results and
statistically significant across most outcomes. The shift-share IV yields similar semi-elasticities,
with slightly larger point estimates in some cases. The results confirm that the positive effect
of international enrollment on start-up creation is not an artifact of the use of shares in the
benchmark specification: expansions in foreign Master’s enrollment—holding native enrollment
constant—generate economically meaningful increases in entrepreneurial activity.

5.3 OLS bias and importance of the IV

OLS estimates in Table 9 are substantially smaller and statistically insignificant, indicating a
downward bias consistent with a negative correlation between foreign Master’s enrollment and
unobserved local conditions that stimulate start-up creation.

A negative correlation between Master’s enrollment and local economic growth—reflecting
the lower opportunity cost of education during downturns—has been documented by Bound
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et al. (2020) and applies to foreign students with particular force. Local booms raise both
entrepreneurial activity and living costs (Moretti 2004), deterring internationally mobile stu-
dents who are especially sensitive to total expenses. Conversely, weaker local conditions attract
more foreign students through lower costs while suppressing entrepreneurial activity. These
two forces together generate a negative correlation between foreign enrollment and start-up
creation, biasing OLS downward.

Figure 3 provides supporting evidence: county-level rent changes are positively correlated
with start-up creation and negatively correlated with university enrollment, confirming that fa-
vorable local shocks simultaneously increase entrepreneurial activity and reduce foreign enroll-
ment through higher living costs. The IV strategies, which exploit tuition-based and network-
driven variation plausibly orthogonal to local economic conditions, substantially mitigate this
source of bias.

5.4 Heterogeneity across majors and universities

Section 2.4 showed that start-up rates vary substantially across Master’s majors, with Busi-
ness, Computer Science, Engineering, Physical Sciences, and Health exhibiting the highest
entrepreneurial intensity. We now examine whether the causal effect of foreign enrollment also
varies across fields and location.

Heterogeneous effects may arise because foreign students are differentially selected across
majors and universities, or because complementarities with US-born students differ across fields.
We test whether the effect varies (i) between STEM and non-STEM programs, (ii) between
the five highest-entrepreneurship majors and all others, and (iii) between universities in high-
density versus less concentrated metropolitan areas. Table 12 reports the results. Columns
(1)–(2) compare STEM and non-STEM programs; columns (3)–(4) compare the five most
entrepreneurial majors with the rest; columns (5)–(6) split universities by local concentration
of higher-education institutions. Panel A reports tuition-IV estimates and Panel B shift-share-
IV estimates.

Two findings emerge. First, the effect of foreign enrollment is positive and significant across
both STEM and non-STEM majors, and across high- and lower-entrepreneurship fields. The
shift-share IV yields larger point estimates for STEM and high-entrepreneurship programs, but
formal tests cannot reject coefficient equality, suggesting the marginal contribution of foreign
students is not confined to specific disciplines. Second, the effect is significantly larger in
areas with a high concentration of universities, consistent with stronger complementarities in
thick human-capital environments where foreign and US-born graduates can draw on a denser
ecosystem of skills, collaborators, and entrepreneurial resources.

6 Spillover effects on native start-up creation
How much of the total effect estimated in Section 5 operates through spillovers on US-origin
graduates’ entrepreneurship? The total effect combines a direct component—reflecting the
higher entrepreneurial propensity of foreign graduates—and a potential spillover on US-born
entrepreneurs. The direct effect is consistent with the evidence provided by the existing litera-
ture on the connection between immigration and entrepreneurship. Main explanations of this
effect pertain to the positive selection of foreign students and to the lower opportunity cost of
firm creation compared with native graduates.
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To isolate the indirect effect, we re-estimate the baseline specification using start-ups founded
by likely US-origin graduates in each university–cohort cell as the outcome. Spillovers may arise
through the intensive collaboration in graduate coursework, joint projects, and shared activi-
ties that facilitate mutual learning and lasting networks. Exposure to foreign-origin classmates
can broaden perspectives and transmit entrepreneurial drive, raising start-up activity among
US-born students; because many foreign Master’s students leave the US after graduation, any
persistent increase in US-born entrepreneurship reflects spillovers formed during the period of
study. This implies that the nature of the spillover effect of foreign students is likely to be
different from the one associated to other immigrants. Foreign students could alternatively
crowd out natives by intensifying competition and discouraging entrepreneurship. We estimate
the sign and magnitude of these spillover effects and then explore potential mechanisms.

6.1 Effects on start-up creation by US-origin graduates

Table 13 reports spillover estimates using start-ups founded by likely US-origin entrepreneurs as
the outcome. Each founder is weighted by their probability of being US-origin and aggregated
within a university–cohort; firm-level counts are constructed analogously, weighting each firm
by the inverse of the number of co-founders, each in turn weighted by their probability of
being US-born. Because total start-ups equal the sum of US-origin and foreign-origin firms,
the difference between the total effect (Section 5) and the spillover estimates here identifies the
direct contribution of likely foreign-born graduates.

Panel A reports tuition IV estimates and Panel B shift-share IV estimates. The spillover
effect is positive and statistically significant across specifications. Under the tuition IV, a 10
percentage point increase in the foreign-student share raises start-ups founded by US-origin
graduates by approximately 0.23—about 40 percent of the total effect. The shift-share IV
yields a smaller but still meaningful spillover of around 0.13 firms per 10 percentage point
increase. As documented in Section 2.3, misclassification of second-generation immigrants as
foreign-origin means these estimates are conservative lower bounds on the true spillover.

Spillover effects remain positive and statistically significant for firms surviving at least three
years, raising above-median capital, and obtaining patents. The tuition IV yields significant
estimates across all three outcomes; the shift-share IV produces consistently positive but not
always significant point estimates. Together, these results indicate that international enrollment
raises both the quantity and quality of entrepreneurship among US-origin graduates.

Table 14 reports analogous estimates using a dichotomous classification that assigns each
founder to their most likely country of origin, defining them as US-origin if the US is such a
country. The resulting spillover estimates are often nearly double those from the probabilis-
tic approach, consistent with measurement error in the continuous method attenuating the
estimated indirect effects.

To assess the implications of misclassification more systematically, we simulate the effect of
classification errors using the false-positive and false-negative rates estimated in the validation
sample (Table 1). We reassign each founder’s origin status with a probability equal to the
estimated error rate and repeat the estimation on 1,000 simulated samples to obtain a distri-
bution of spillover estimates. Figure 4 shows that, for both instruments, this distribution lies
above zero and the majority of the estimates are between 0.2 and 0.5, confirming that a null
of no spillover is rejected at conventional confidence levels after accounting for misclassification
and most likely more than one third of the total effect (0.6) is due to spillovers. The spillover
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consistently accounts for a substantial share of the total effect across simulations.

6.2 Mechanism 1: Co-founding

A natural mechanism behind the positive spillover effects is increased collaboration in founding
new firms. Exposure to foreign schoolmates during the Master’s years may raise trust, lower
barriers to cooperation, foster complementary skill matching, and facilitate team formation. If
this channel operates, US-born graduates in cohorts with a larger foreign-student share should
show a higher propensity to co-found start-ups—with foreigners, other native classmates and
possibly beyond their direct classmates.

Table 15 tests this by estimating specifications analogous to column (3) of Table 9, replacing
the outcome with the number of start-ups with at least two founders. About 25 percent of firms
in our sample are co-founded.

Column (1) shows that a higher foreign share significantly raises co-founded firms, with a
magnitude similar to the overall start-up effect, suggesting that a substantial fraction of the
additional firms are team-founded rather than solo ventures. Higher foreign enrollment also in-
creases co-founding among graduates of the same university (column 2) and mixed US–foreign
founding teams (columns 3 and 4); the size of those coefficients implies that about one-third of
the extra co-founding involves US-born and foreign collaborations. These patterns are consis-
tent with graduate-school interactions fostering durable cross-origin relationships that translate
into joint entrepreneurial activity.

Columns (5) and (6) extend the definition of collaboration beyond formal co-founding to
include early team members, coded from the names and degrees of Chief Officers (Operations,
Administration, Finance) listed at founding. The positive and significant coefficients for mixed
US–foreign original teams under this expanded definition reinforce the interpretation that ex-
posure to international classmates increases collaborative entrepreneurship.

6.3 Mechanism 2: Idea Diversity

A second mechanism is the expansion of entrepreneurial ideas within a cohort. International
students bring distinct skills, experiences, and exposure to foreign markets; through graduate-
school interactions, these differences may broaden the range of products and services that US-
origin graduates consider viable, increasing the diversity of start-ups created. This is consistent
with a broader literature linking immigration-driven diversity to innovation and economic per-
formance (Ottaviano & Peri 2005, Peri 2009, Alesina et al. 2016, Bahar et al. 2022).

To examine this channel, we use the keyword descriptions available in Crunchbase. Each
start-up is characterized by keywords drawn from a pool of roughly 770 potential terms de-
scribing its industry, technology, and product space, which we use to measure how similar or
dissimilar each firm is relative to benchmark profiles.

We compute the distance between each firm’s keyword vector and (i) the average vector
of US-based start-ups founded in the same year and (ii) the average vector of foreign-based
start-ups founded in the same year. Greater distance from the US average indicates deviation
from the typical US start-up profile; greater proximity to the foreign average indicates simi-
larity to entrepreneurial patterns more common abroad. We aggregate these measures at the
university–cohort level, counting firms whose distance lies above or below the median.

Table 16 reports IV estimates using these outcomes. Columns (1) and (2) show that higher
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international enrollment significantly increases the number of start-ups with above-median dis-
tance to the average US start-up profile, both overall and within industry categories. Columns
(3) and (4) show that cohorts with more foreign students also generate more start-ups that are
closer to the average foreign start-up profile.

These results indicate that international enrollment shifts the composition of entrepreneurial
activity away from the typical US start-up profile and toward a more internationally oriented
range of products and services, consistent with exposure to international peers expanding the
ideas and market possibilities available to US-origin graduates.

7 Conclusion
This paper examines how international students in US Master’s programs contribute to start-
up creation. Combining comprehensive enrollment data with detailed information on start-
up founders, and exploiting two complementary sources of plausibly exogenous variation in
international enrollment, we provide causal evidence on the impact of international Master’s
students on new firm creation.

Higher international enrollment in a Master’s cohort causally increases start-up creation
within five years of graduation. A ten-percentage-point increase in the international student
share—roughly one standard deviation—raises start-up formation by 0.5 firms per cohort, an
economically large effect concentrated in firms that survive at least three years, raise above-
average capital, and engage in innovative activity. The additional start-ups are disproportion-
ately located in the same state as the university, underscoring the local economic relevance of
graduate education.

A central contribution is showing that between one-third and two-thirds of the total effect
operates through spillovers on US-born graduates’ entrepreneurship. These findings imply that
founder-based descriptive evidence, limiting the contribution of foreign-born entrepreneurship
to companies that they themselves created, substantially understates the overall contribution
of international students to US entrepreneurship.

Higher international enrollment increases co-founding among graduates—particularly be-
tween US-born and foreign-origin students—and is associated with greater diversity in the types
of start-ups created, consistent with exposure to international peers expanding entrepreneurial
collaboration and broadening the range of ideas brought to the market.

These effects are especially striking given that many international Master’s students leave
the United States after graduation due to visa constraints or personal preferences, yet still gen-
erate sizable and persistent impacts on US entrepreneurship through educational interactions
formed while studying. This makes the nature of spillover effects different form those exerted
by other kinds of migrants. The findings also suggest that policies increasing the retention of
international graduates—such as expanding post-graduation work opportunities or streamlin-
ing pathways to permanent residence— as for instance advocated by the OECD (Kamm et al.
2022) could yield additional gains in innovative firm creation. More broadly, the results high-
light graduate education as a key channel through which international mobility shapes domestic
entrepreneurship and economic dynamism.

22



References
Alesina, A., Harnoss, J. & Rapoport, H. (2016), ‘Birthplace Diversity and Economic Prosperity’,

Journal of Economic Growth 21, 101–138.

Amornsiripanitch, N., Gompers, P. A., Hu, G. & Vasudevan, K. (2023), ‘Getting Schooled:
Universities and VC-backed Immigrant Entrepreneurs’, Research Policy 52(7), 104782.

Anelli, M., Basso, G., Ippedico, G. & Peri, G. (2023), ‘Emigration and Entrepreneurial Drain’,
American Economic Journal: Applied Economics 15(2), 218–252.

Azoulay, P., Jones, B. F., Kim, J. D. & Miranda, J. (2022), ‘Immigration and Entrepreneurship
in the United States’, American Economic Review: Insights 4(1), 71–88.

Bahar, D., Rapoport, H. & Turati, R. (2022), ‘Birthplace Diversity and Economic Complex-
ity: Cross-Country Evidence’, Research Policy 51(8), 103991. Special Issue on Economic
Complexity.

Baker, T. & Welter, F. (2024), ‘Silicon valley entrepreneurship – revisiting a popular dream’,
Journal of Business Venturing Insights 21, e00466.
URL: https://www.sciencedirect.com/science/article/pii/S2352673424000180

Beine, M., Peracchi, S. & Zanaj, S. (2023), ‘Ancestral diversity and performance: Evidence
from football data’, Journal of Economic Behavior Organization 213, 193–214.

Beine, M., Peri, G. & Raux, M. (2023), ‘International College Students’ Impact on the US
Skilled Labor Supply’, Journal of Public Economics 223, 104917.

Beine, M. & Ragot, L. (n.d.), Asssessing the role of immigration policy for foreign students:
the case of campus france. unpublished.

Bernstein, S., Diamond, R., Jiranaphawiboon, A., McQuade, T. & Pousada, B. (2022), The
Contribution of High-Skilled Immigrants to Innovation in the United States, Working Paper
30797, National Bureau of Economic Research.

Block, J. H., Fisch, C. O., Hahn, A. & Sandner, P. G. (2015), ‘Why do SMEs file trademarks?
Insights from firms in innovative industries’, Research Policy 44(10), 1915–1930.

Borusyak, K. & Hull, P. (2023), ‘Nonrandom exposure to exogenous shocks’, Econometrica
91(6), 2155–2185.

Bound, J., Braga, B., Khanna, G. & Turner, S. (2020), ‘A Passage to America: University Fund-
ing and International Students’, American Economic Journal: Economic Policy 12(1), 97–
126.

Callaway, B. & Sant’Anna, P. H. (2021), ‘Difference-in-differences with multiple time periods’,
Journal of Econometrics 225(2), 200–230. Themed Issue: Treatment Effect 1.
URL: https://www.sciencedirect.com/science/article/pii/S0304407620303948

Chellaraj, G., Maskus, K. E. & Mattoo, A. (2008), ‘The Contribution of International Graduate
Students to US Innovation’, Review of International Economics 16(3), 444–462.

23



Clark, G. (2014), The Son Also Rises: Surnames and the History of Social Mobility, Princeton
Universty Press, Princeton.

Crown, D., Faggian, A. & Corcoran, J. (2020), ‘Foreign-Born Graduates and Innovation: Evi-
dence from an Australian Skilled Visa program’, Research Policy 49(9), 103945.

Dalle, J. M., den Besten, M. & Menon, C. (2017), ‘Using Crunchbase for Economic and Man-
agerial Research’, OECD Working Papers .

Dimmock, S. G., Huang, J. & Weisbenner, S. J. (2022), ‘Give Me Your Tired, Your Poor, Your
High-Skilled Labor: H-1B Lottery Outcomes and Entrepreneurial Success’, Management
Science 68(9), 6950–6970.

Fairlie, R. W. (2008), Estimating the Contribution of Immigrant Business Owners to the US
Economy, SBA Office of Advocacy.

Fairlie, R. W. & Lofstrom, M. (2015), Chapter 17 - Immigration and Entrepreneurship, in B. R.
Chiswick & P. W. Miller, eds, ‘Handbook of the Economics of International Migration’, Vol. 1
of Handbook of the Economics of International Migration, North-Holland, pp. 877–911.

Goldsmith-Pinkham, P., Sorkin, I. & Swift, H. (2020), ‘Bartik Instruments: What, When, Why,
and How’, American Economic Review 110(8), 2586–2624.

Haltiwanger, J., Jarmin, R. S., Kulick, R. & Miranda, J. (2016), High Growth Young Firms:
Contribution to Job, Output, and Productivity Growth, in ‘Measuring entrepreneurial busi-
nesses: Current knowledge and challenges’, University of Chicago Press, pp. 11–62.

Hart, D. M. (2011), Immigrant Entrepreneurship and Internationalization and Globalization
of Successful U.S. High-Tech Start-Ups, Technical Report 2011-15, GMU School of Public
Policy Research Paper.

Hart, D. M. & Acs, Z. J. (2011), Immigration and High-Impact, High-Tech Entrepreneurship.

Hunt, J. (2011), ‘Which Immigrants Are Most Innovative and Entrepreneurial? Distinctions
by Entry Visa’, Journal of Labor Economics 29(3), 417–457.

Jaeger, D. A., Ruist, J. & Stuhler, J. (2018), Shift-share instruments and the impact of immi-
gration, Working Paper 24285, National Bureau of Economic Research.
URL: http://www.nber.org/papers/w24285

Jin, Z., Kermani, A. & McQuade, T. (2025), Native-immigrant entrepreneurial synergies, Tech-
nical report, National Bureau of Economic Research.

Kamm, E., Liebig, T. & Boffi, G. (2022), Retention and economic impact of international
students in the OECD, in OECD, ed., ‘International Migration Outlook 2022’, OECD Pub-
lishing, Paris.

Kerr, S. P. & Kerr, W. (2020), ‘Immigrant Entrepreneurship in America: Evidence from the
Survey of Business Owners 2007 2012’, Research Policy 49(3), 103918.

Kerr, S. P. & Kerr, W. R. (2016), Immigrant Entrepreneurship, University of Chicago Press,
pp. 187–249.

24



Kerr, S. P. & Kerr, W. R. (2018), ‘Global Collaborative Patents’, The Economic Journal
128(612), F235–F272.

Kerr, S. P. & Kerr, W. R. (2021), ‘Whose Job Is It Anyway? Coethnic Hiring in New US
Ventures’, Journal of Human Capital 15(1), 86–127.

Kerr, W. R. (2013), U.S. High-Skilled Immigration, Innovation, and Entrepreneurship: Empiri-
cal Approaches and Evidence, Working Paper 19377, National Bureau of Economic Research.

Kerr, W. R. & Lincoln, W. F. (2010), ‘The supply side of innovation: H-1B visa reforms and
US ethnic invention’, Journal of Labor Economics 28(3), 473–508.

Kerr, W. R. & Mandorff, M. (2023), ‘Social Networks, Ethnicity, and Entrepreneurship’, Jour-
nal of Human Resources 58(1), 183–220.

Kolev, J., Haughey, A., Murray, F. & Stern, S. (2022), ‘Of academics and creative destruction:
Startup advantage in the process of innovation’, NBER Working Papers .

Machin, S. & Richard, M. (2017), ‘Paying out and Crowding out? The Globalization of Higher
Education’, Journal of Economic Geography 17(5), 1075–1110.

Moretti, E. (2004), ‘Estimating the Social Return to Higher Education: Evidence from Longi-
tudinal and Repeated Cross-Sectional Data.’, Journal of econometrics 121(1), 174–212.

Ottaviano, G. I. & Peri, G. (2005), ‘The Economic Value of Cultural Diversity: Evidence from
US Cities’, Journal of Economic Geography 6(1), 9–44.

Peri, G. (2009), ‘The Effect of Immigration On Productivity: Evidence From US States’, Na-
tional Bureau of Economic Research, Inc, NBER Working Papers 94.

Shih, K. (2017), ‘Do International Students Crowd-Out or Cross-Subsidize Americans in Higher
Education?’, Journal of Public Economics 156, 170–184.

Stuen, E. T., Mobarak, A. M. & Maskus, K. E. (2012), ‘Skilled Immigration and Innovation:
Evidence from Enrolment Fluctuations in us Doctoral Programmes’, The Economic Journal
122(565), 1143–1176.

Wang, X. (2018), ‘Catering innovation: Entrepreneurship and the acquisition market’, Kenan
Institute of Private Enterprise Research Paper (18-27).

25



8 Figures

26



F
ig

u
re

1:
D

is
tr

ib
ut

io
ns

of
M

as
te

r’
s

gr
ad

ua
te

s
st

ar
t-

up
fo

un
de

rs
by

st
ud

y
fie

ld
,T

yp
e

of
un

iv
er

si
ty

an
d

or
ig

in
co

un
tr

y

N
ot

es
:

P
an

el
A

:
N

um
be

r
of

fo
re

ig
n

st
ar

t-
up

fo
un

de
rs

by
fie

ld
of

th
ei

r
M

as
te

r’
s

D
eg

re
e.

P
an

el
B

:
St

ar
t-

up
cr

ea
ti

on
ra

te
s

of
fo

re
ig

n
gr

ad
ua

te
s

by
ty

pe
of

U
ni

ve
rs

it
y

in
st

it
ut

io
ns

.
C

ar
ne

gi
e

C
la

ss
ifi

ca
ti

on
of

In
st

it
ut

io
ns

of
H

ig
he

r
E

du
ca

ti
on

.
R

1:
D

oc
to

ra
lU

ni
ve

rs
it

ie
s

–
V

er
y

H
ig

h
R

es
ea

rc
h

A
ct

iv
it
y.

R
2:

D
oc

to
ra

l
U

ni
ve

rs
it

ie
s

–
H

ig
h

R
es

ea
rc

h
A

ct
iv

it
y.

P
an

el
C

:S
ta

rt
-u

p
cr

ea
ti

on
ra

te
s

of
fo

re
ig

n
gr

ad
ua

te
s

by
co

un
tr

y
of

or
ig

in
.

C
ou

nt
ry

of
or

ig
in

id
en

ti
fie

d
us

in
g

F
1

V
is

a
da

ta
.

27



Figure 2: Start-up founder rate of native and foreign Master’s graduates.

Notes: Evolution of the share of start-up founders within 5 years since graduation per 10,000 Master graduates.
Foreign graduates-black line. Native graduates-grey line. The dashed line includes all startup created the
continuous line only those created in the US. Decomposition between natives and foreign founders based on
probabilistic measures drawn from Forebears.
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Figure 3: Yearly changes in median rents vs foreign enrollment and vs. start-up creation: US counties,
1999-2014

Notes: Both figures using bin-scatter plots. Left panel: relationship between changes in the average number of
international master graduates and changes in the median housing rents for 1-bedroom apartments by county
and year. Right panel: relationship between changes in the average number of start-up founders and changes in
the median housing rents for 1-bedroom apartments by county and year. All changes are demeaned by county
and year.
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Figure 4: Distribution of spillover effect estimates

Notes: Empirical distributions of the estimates of the spillover effects of foreign student share on start-
ups creation estimated with residual tuition (solid line) and shift-share (dashed line) IVs. Estimates
are obtained using 1000 iteration in which each time we re-draw foreign- and US-origin status of the
founders following the probabilities of false positive and negatives obtained from Table 1. Smoothed
distributions are obtained using a Kernel density estimation, with the selected bandwidth parameter
based on Silverman’s rule of thumb.
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9 Tables

Table 1: Validation of the Forebears imputation

Observed US-born Observed foreign-born Total

Predicted US-born 616 (68.22 %) 79 (12.42 %) 695
False negatives

Predicted foreign-born 287 (31.78 %) 557 (87.58 %) 844
False positives

Total 903 (100%) 636 (100%) 1539

Notes: The table compares a sub-sample of 1500 startup founders, manually checked to obtain almost certainty
of the place of birth of individuals, with the attribution of U.S.-born and foreign-born using data from Forebears.
The manual checks involved gathering information from various sources, including personal websites, LinkedIn
profiles, videos, social media, news sites and similar to reach almost certain attribution of the place of birth of
the start-up founder.
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Table 2: Summary statistics for samples with/without founder’s education information

Start-ups with info Start-ups with info Difference in
on founders’ name on founders’ name + edu. averages b/w samples

(1) (2) (3)

Number of observations 80297 37628

Average firm’s age 7.47 7 -.47
(5.02) (4.77) (.03)

Average number of cofounders 1.43 1.74 .31
(.72) (.98) (.01)

Average capital raised within 3 first years 12.11 22.74 10.64
(in millions of US dollars) (369.78) (261.63) (1.88)

Average firm’s imputed number of employees 107.35 118.52 11.18
(646.87) (664.6) (4.2)

Percentage of firm’s patenting 10.04 12.4 2.36
(30.05) (32.96) (.2)

Percentage of foreign-born founders 61.3 62.14 .84
(25.08) (25.28) (.18)

Percentage of male founders 85.76 84.84 -.92
(34.95) (35.86) (.22)

Notes: This table compares summary statistics for two samples of start-ups in the Crunchbase data. In column
(1) those including founders’ name; in column (2) those including name and information on their highest degree
attained.
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Table 3: Summary statistics For the Tuition IV and Shift-Share IV samples.

Tuition IV sample SSIV sample

Mean Standard Deviation Mean Standard Deviation

Total number of graduates 649.38 649.53 461.45 761.12
Number of international graduates 85.90 142.68 60.72 184.91
Number of US graduates 563.49 540.09 400.73 628.70

Share of international graduates 9.61 9.77 7.36 12.14
Share of international graduates in research universities 14.91 9.62 19.55 13.50
Share of international graduates in other universities 5.99 8.07 5.27 10.56

Number of entrepreneurs 0.14 0.65 0.36 2.13
Number of companies 0.15 0.71 0.40 2.37

Share of local start-ups 57.45 45.81 50.76 42.70
Share of start-ups surviving at least 3 years 98.62 10.53 99.16 5.44
Share of start-ups with funding above the median 33.95 42.26 40.46 39.56
Share of patenting companies 2.39 13.24 3.78 14.94

Notes: This table presents summary statistics for each sample used in the two instrumental variable (IV) identification strategies. The tuition
IV sample consists of 463 public universities, classified as Doctoral Universities or Master’s Colleges according to the Carnegie Classification
of Institutions of Higher Education, covering the period from 1999 to 2014. The SSIV sample includes 548 private, not-for-profit universities,
also classified as Doctoral Universities or Master’s Colleges, covering the period from 2004 to 2014.
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Table 4: First stage estimates and power of IV’s.

Dependent variable: Share of international graduates
(1) (2) (3) (4)

Sample: Public universities Not-for-profit universities

Standardized predicted -0.9026*** -0.9023*** - -
residuals from equation (1) (0.1025) (0.1023)

Shift-share IV - - 0.0577*** 0.0547***
(0.0128) (0.0132)

Log number of - 0.0418 - 0.5898***
master graduates - (0.3808) - (0.2260)

Observations 6,899 6,899 6,028 6,028
University fixed effects Yes Yes Yes Yes
Carnegie x Year fixed effects Yes Yes Yes Yes
First-stage F-statistic 77.5 77.72 20.38 17.28

Notes: Coefficients of the first-stage regressions of the IV estimation procedure. Instruments: Cols
(1-2): innovations of non resident tuition fees; estimation period: 1999-2014; sample: public US
universities. Cols (3-4) predicted shares of foreign graduates based on shift-shares computed from
10 most important origins of foreign students; estimation period : 2004-2014; sample: private US
universities.
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Table 5: Impact of instruments on native and foreign graduates.

Dependent variable: asinh(Number of graduates) asinh(Number of foreign graduates ) asinh(Number of US graduates )
(1) (2) (3) (4) (5) (6)

Standardized predicted -0.0071 -0.1043*** 0.0041
residuals from equation (1 (0.0061) (0.0178) (0.0062)

Shift-share IV 0.0061 0.0049*** 0.0052
(0.0045) (0.0017) (0.0045)

Observations 6,899 6,028 6,899 6,028 6,899 6,028
University fixed effects Yes Yes Yes Yes Yes Yes
Carnegie x Year fixed effects Yes Yes Yes Yes Yes Yes

Notes: Dependent variable is the Hyperbolic Sine transformation of the number of Total (1 and 2), foreign (3 and 4) and US (5 and 6)
graduates. Cols 1, 3 and 5: instrument: innovation of non resident tuition fees; estimation period: 1999-2014; sample: public US universities.
Cols 2, 4 and 6: instrument: shift-share; estimation period: 2004-2014; sample: not-for-profit US universities.

35



T
ab

le
6:

T
es

t
fo

r
pr

e-
tr

en
ds

w
it

h
tu

it
io

n-
IV

D
ep

en
de

nt
va

ri
ab

le
N

um
be

r
of

N
um

be
r

of
E

xp
en

se
s

pe
r

R
at

io
of

O
P

Ts
R

at
io

of
gr

ad
ua

te
s

R
at

io
of

fo
re

ig
n

gr
ad

ua
te

s
R

at
io

of
U

S-
bo

rn
gr

ad
ua

te
s

en
tr

ep
re

ne
ur

s
co

m
pa

ni
es

m
as

te
r

st
ud

en
t

ov
er

fo
re

ig
n

m
as

te
r

gr
ad

ua
te

s
ov

er
en

ro
lle

es
in

t-
2

ov
er

fo
re

ig
n

en
ro

lle
es

in
t-

2
ov

er
U

S-
bo

rn
en

ro
lle

es
in

t-
2

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

Jo
in

t
pr

e-
tr

en
ds

te
st

p-
va

lu
e

.3
4

.3
.6

.8
1

.4
5

.8
6

.5
5

Jo
in

t
pr

e-
tr

en
ds

te
st

F
-s

ta
ti

st
ic

(1
.1

2)
(1

.2
3)

(.
68

)
(.

4)
(.

92
)

(.
33

)
(.

76
)

N
ot

es
:

E
ac

h
ce

ll
re

po
rt

s
th

e
p-

va
lu

e
of

a
jo

in
tW

al
d

(F
)t

es
to

ft
he

nu
ll

hy
po

th
es

is
th

at
al

lp
re

-e
ve

nt
ev

en
t-

st
ud

y
co

effi
ci

en
ts

ar
e

eq
ua

lt
o

ze
ro

in
sp

ec
ifi

ca
ti

on
s

ce
nt

er
ed

on
un

iv
er

si
ty

-s
pe

ci
fic

ch
an

ge
s

in
th

e
tu

it
io

n
di

ffe
re

nt
ia

lb
et

w
ee

n
in

te
rn

at
io

na
la

nd
do

m
es

ti
c

st
ud

en
ts

.
T

he
ev

en
t

ye
ar

is
de

fin
ed

as
th

e
co

ho
rt

ye
ar

w
it

h
th

e
la

rg
es

t
ab

so
lu

te
ch

an
ge

in
th

e
tu

it
io

n
di

ffe
re

nt
ia

la
t

a
gi

ve
n

un
iv

er
si

ty
,a

nd
ev

en
t-

ti
m

e
in

di
ca

to
rs

ar
e

sc
al

ed
by

th
e

si
gn

ed
m

ag
ni

tu
de

of
th

is
ch

an
ge

.
T

he
co

rr
es

po
nd

in
g

F
-s

ta
ti

st
ic

is
re

po
rt

ed
in

pa
re

nt
he

se
s.

A
ll

sp
ec

ifi
ca

ti
on

s
in

cl
ud

e
un

iv
er

si
ty

an
d

ye
ar

fix
ed

eff
ec

ts
.

St
an

da
rd

er
ro

rs
ar

e
cl

us
te

re
d

at
th

e
ce

ll
le

ve
l.

36



Table 7: Validity test of tuition and shift share IVs: correlation with previous values and pre-period trends.

Panel A: Residual tuition IV

Controls : Share of Share of Share of Share of Entrepreneurs per Entrepreneurs per
international graduates international graduates international enrollees international enrollees 10,000 graduates 10,000 graduates

(4 years lag) (5 years lag) (4 years lag) (5 years lag) (4 years lag) (5 years lag)
(1) (2) (3) (4) (5) (6)

Dependent variable:

Predicted residuals from equation (1) -6.6032 -4.4219 -0.4319 6.5706 -4.5844 -3.5880
(6.0618) (6.0834) (13.5527) (14.4648) (8.0873) (8.4551)

Observations 7,791 7,791 7,651 7,627 7,606 7,577
Carnegie x Year fixed effects Yes Yes Yes Yes Yes Yes
University fixed effects Yes Yes Yes Yes Yes Yes

Panel B: Shift-share IV

Controls : Change in number between 1995 and 2003
Graduates Foreign graduates US graduates Entrepreneurs Foreign entrepreneurs US entrepreneurs

(1) (2) (3) (4) (5) (6)

Dependent variable:

Change in predicted share of international 0.1233 1.9070*** -0.0687 -93.0237 -210.2281 -80.3994
graduates from SSIV b/w 2004 and 2014 (0.1517) (0.4835) (0.1632) (69.5576) (165.8605) (77.8220)

Observations 548 548 548 548 548 548

Notes: Panel A provides the correlation of the tuition based instrument with lagged values of the share of foreign enrolled and graduates 4 and 5 years
before (cols 1-4) and lagged values of start-up founder rates. Unit of analysis: university-year. Panel B gives the cross-sectional correlation between the
change of the share of international graduates predicted by the shift-share instrument with change in key explanatory variables and outcomes (number of
foreign and US graduates and number of US and foreing start-up founders) over the period prior to the IV shares, namely 1995-2003. Col 1-3: previous
change in total, foreign and native graduates. Col 4-6: previous change in total number of start-up founders, foreign ones and natives ones. Unit of analysis:
university.
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Table 9: Impact of foreign-student share on number of startups: main specifications.

Dependent variable: Number of entrepreneurs Number of companies Number of companies Number of companies Number of patenting Number of local
survived>3y funded above median companies companies

(1) (2) (3) (4) (5) (6) (7)

Panel A: Residual tuition IV

Share of international 0.0014 0.0563*** 0.0604*** 0.0596*** 0.0534*** 0.0075** 0.0351**
master graduates (0.0009) (0.0185) (0.0196) (0.0195) (0.0139) (0.0032) (0.0138)

Observations 6,899 6,899 6,899 6,899 6,899 6,899 6,899
University fixed effects Yes Yes Yes Yes Yes Yes Yes
Carnegie x Year fixed effects Yes Yes Yes Yes Yes Yes Yes
First-stage F-statistic . 77.50 77.50 77.50 77.50 77.50 77.50

Panel B: Shift share IV

Share of international -0.0007 0.0515*** 0.0461** 0.0473** 0.0394*** 0.0028 0.0306**
master graduates (0.0013) (0.0189) (0.0195) (0.0196) (0.0147) (0.0027) (0.0137)

Observations 6,028 6,028 6,028 6,028 6,028 6,028 6,028
University fixed effects Yes Yes Yes Yes Yes Yes Yes
Carnegie x Year fixed effects Yes Yes Yes Yes Yes Yes Yes
First-stage F-Statistic . 20.38 20.38 20.38 20.38 20.38 20.38

Notes: OLS and IV estimations of equation (1). Panel A: instrument : innovations to non resident tuition fees (equation 2); estimation period : 1999-2015;
sample: public US universities . Panel B : shift-share IV based on 10 most popular origins of foreign graduates; estimation period : 2004-2015; sample:
not-for-profit US universities. Col. (1-2): number of start-up founders. Col 3: Number of firms. Col 4: Number of firms still active after 3 years. Col
5. Number of firms with funding above the sample average. Number of companies patenting within 3 years. Number of firms located in same graduation
state. Standard errors clustered at university-cohort level.
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Table 10: Impact of foreign student share on start-up creation: robustness checks-Tuition-IV.

Dependent variable: Number of Number of Number of Number of Number of
entrepreneurs companies companies companies funded patenting

surviving>3y above median companies
(1) (2) (3) (4) (5)

Panel A: Controlling for University × period fixed effects

Share of international 0.0817*** 0.0914*** 0.0910*** 0.0723*** 0.0108**
master graduates (0.0284) (0.0300) (0.0298) (0.0216) (0.0048)

Observations 5,942 5,942 5,942 5,942 5,942
University x period fixed effects Yes Yes Yes Yes Yes
Carnegie x Year fixed effects Yes Yes Yes Yes Yes
First-stage F-statistic 55.11 55.11 55.11 55.11 55.11

Panel B: Controlling for University × time-trend fixed effects

Share of international 0.0562*** 0.0603*** 0.0594*** 0.0534*** 0.0075**
master graduates (0.0185) (0.0197) (0.0196) (0.0139) (0.0032)

Observations 6,900 6,900 6,900 6,900 6,900
University x time-trend fixed effects Yes Yes Yes Yes Yes
Carnegie x Year fixed effects Yes Yes Yes Yes Yes
First-stage F-statistic 76.60 76.60 76.60 76.60 76.60

Panel C: Estimating semi-elasticity

log number of 0.5037*** 0.5426*** 0.5348*** 0.4958*** 0.0694**
international master graduates (0.1787) (0.1898) (0.1885) (0.1412) (0.0305)

Observations 6,852 6,852 6,852 6,852 6,852
University fixed effects Yes Yes Yes Yes Yes
Carnegie x Year fixed effects Yes Yes Yes Yes Yes
First-stage F-statistic 41.79 41.79 41.79 41.79 41.79

Notes: This Table provides robustness checks of estimations results reported in Table 9, Panel A (tuition IV). In
Panel A: equation (1) supplemented with university-period fixed effects. In Panel B: equation (1) supplemented
with university specific trends. In Panel C: explanatory variable is (log of) number of foreign graduates rather
than share of foreign graduates. Standard errors clustered at university-cohort level.
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Table 11: Robustness: replicating the main specifications with Competitor group × Year fixed effects

Dependent variable: Number of Number of Number of Number of Number of
entrepreneurs companies surviving companies funded patenting

companies above median companies
(1) (2) (3) (4) (5)

Panel A. Tuition IV

Share of international 0.0534*** 0.0572*** 0.0565*** 0.0508*** 0.0073**
master graduates (0.0192) (0.0204) (0.0203) (0.0144) (0.0033)

Observations 6,899 6,899 6,899 6,899 6,899
University fixed effects Yes Yes Yes Yes Yes
Peer Group x Year fixed effects Yes Yes Yes Yes Yes
First-stage F-statistic 72.43 72.43 72.43 72.43 72.43

Panel B. Shift-share IV

Share of international 0.0735*** 0.0707*** 0.0710*** 0.0578*** 0.0047
master graduates (0.0223) (0.0231) (0.0232) (0.0173) (0.0030)

Observations 6,028 6,028 6,028 6,028 6,028
University fixed effects Yes Yes Yes Yes Yes
Peer Group x Year fixed effects Yes Yes Yes Yes Yes
First-stage F-statistic 19.20 19.20 19.20 19.20 19.20

Notes: This table replicate the main specifications but include peer-group-by-year fixed effects. Peer groups
are sets of comparable institutions defined for benchmarking purposes. These fixed effects absorb time-varying
shocks common to similar universities, so identification relies on within–peer-group variation in international
enrollment across universities over time. Estimation period: 1999-2015. Sample: public US universities. Panel
B : shift-share IV based on 10 most popular origins of foreign graduates. Estimation period: 2004-2015. Sample:
not-for-profit US universities. Definitions of dependent variables in cols (1-5): see Table 9.
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Online Appendix

1 Shift share IV based on the 10 main origins of foreign
students

We use the F1-FOIA data to construct the foreign born students enrolled from each specific
country of origin (Denoted as o) as share of the total students enrolled. We also use the F1-FOIA
data to measure the foreign students in each origin country in each university in the initial year.

We denote as t0 the initial year which will be the year 2001. Then the construction of the
IV and the analysis will be for years t = 2002, 2003, ...2013.

u is the index for individual universities. The universe of universities considered is U

o is the index for countries of origin . The universe of countries of origin is denoted as O.

t denotes years.

The notation NF1
u,o,t indicates the number of enrolled students, N , in university u from coun-

try of origin o in year t, obtained from source F1, where "source" is the dataset of F1 obtained
using the FOIA.

We describe the procedure to construct the shift-share IV step by step. The procedure
should be done separately for "Master" and for "Bachelor" students, obtaining separate cells
for each and then we pool them in the regression. Therefore we will not use the indicator
"degree", as the same procedure will be done separately.

1.1 Defining and constructing the “shift”

First calculate, the total number of foreign students enrolled (in the US) from country of origin
o in year t by aggregating those data across universities as follows:

NF1
o,t =

∑
u∈U

NF1
u,o,t (4)

Then we aggregate further to obtain the total number of foreign students (from any origin,
in the US) in year t, based on the F1 data, as follows:

(NFOR)F1
t =

∑
o∈O

NF1
o,t (5)

1.2 Constructing the “share”

The number of initial foreign-born students from country o enrolled in university u in year t0 as
share of total students from country o (so that the sum across universities in each year, for each
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country of origin is 1, and we will use this to distribute the total foreign-born from country o
across universities) is as follows:

(Share)F1
u,o,t0

=
NF1

u,o,t0

NF1
o,t0

(6)

1.3 The “shift-share” IV

The imputed number of foreign-born students from country o enrolled in each university u in
Year t using the initial share and the yearly "flow" of enrolled students will be as follows:

(N̂)o,u,t = (Share)F1
u,o,t0

∗ (N)F1
o,t (7)

And the total number of imputed foreign students overall for university u and year t will
be:

(N̂)u,t =
∑
o∈O

(N̂)o,u,t (8)

This variable, (N̂)u,t, which varies at the university and year level, is what we will use as
Instrument.

The share of foreign students in a school, obtained from IPEDS wll then be instrumented
by the imputed share that uses the shift-share imputation for foreigners as follows:

( ˆShare)u,t =
(N̂)u,t

(N̂)u,t + (NUS)u,t0
(9)

where (NUS)u,t0 is the total number of Native US students enrolled in university u in year
t0 (2000, 2001), so as to keep the number of natives fixed and unaffected by foreign flows in the
IV.
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Table A1: Rotemberg weights in the shift-share IV

Panel A: Correlations of country aggregates

αk gk βk Fk SD(sharek)

αk 1

gk -0.166 1

βk -0.120 -0.101 1

Fk 0.285 0.108 0.162 1

SD(sharek) -0.279 -0.123 0.463 -0.068 1

Panel B: Top 5 Rotemberg weight countries

α̂k gk β̂k 95% CI Mean share (%)

China 0.536 9.560 0.458 (0.20,0.50) 0.051

India 0.126 9.224 0.196 (0.00,0.20) 0.035

Vietnam 0.122 11.082 1.363 (0.30,1.50) 0.042

Canada 0.101 17.795 0.823 (0.20,0.80) 0.087

Saudi Arabia 0.049 12.628 0.682 (-10.00,10.00) 0.058

Notes: Panel A provides the correlation between Rotemberg related statistics of the shift-share IV estimation.αk

is the country k specific weight in the shift share IV estimation. gk is the size of the country k shock, i.e. the
size of the shift from country k. βk is the country k specific IV estimation and Fk is its related estimated
F-stat. SD(sharek) is the cross-university dispersion of the historical share of students from country k. Panel B
provides estimates of country specific statistics. Mean share gives the average historical share of students from
that country across universities.
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Figure A1: Country specific F-stats and Rotemberg weights

Notes: The Figure provides a plot of country k specific F-stat and estimates of Rotemberg weights for
the 10 origin countries used in the shift-share IV estimation. On the X axis : α̂k. On the Y axis:Fk.
Horizontal dashed line gives the usual threshold of F-stat showing evidence of strong instruments.
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2 Additional Tables

Table A2: Top 10 public and private universities by number of startups.

University Number of start-ups Start-ups by Average share of
10,000 graduates international graduates

(1) (2) (3)

Public universities
University of California-Berkeley 90 28.82 22.77
University of California-Los Angeles 82 20.65 16.64
The University of Texas at Austin 65 14.38 22.24
University of Michigan-Ann Arbor 53 9.51 25.09
University of Virginia-Main Campus 34 13.27 13.56
University of Washington-Tacoma Campus 27 111.52 1.47
University of North Carolina at Chapel Hill 23 7.83 10.19
University of Central Florida 23 7.87 9.87
University of Colorado Boulder 21 11.92 14.79
Georgia Institute of Technology-Main Campus 21 8.84 39.77

Private universities
Stanford University 373 111.75 33.55
Harvard University 297 53.45 29.03
Massachusetts Institute of Technology 229 91.55 36.25
Columbia University in the City of New York 178 21.26 32.9
University of Pennsylvania 173 37.14 27.38
New York University 114 12.12 21.42
Northwestern University 114 25.88 22.87
University of Chicago 107 27.23 25.53
University of Southern California 90 13.04 32.47
Carnegie Mellon University 72 26.53 44.43

Notes: Sources: Col (1-2): Crunchbase; col (3) : IPEDS.

51



Table A3: Preliminary regressions of the tuition IV procedure.

Dependent variable: Difference between in-state
: and out-of-state tuitions

(1) (2) (3)

Share state appropriations 925.3*** 1,247*** 2,877***
(100.6) (95.37) (130.4)

Number of international graduates - 14.97*** 3.773***
(1 year lag) (0.189) (0.286)

University revenues (in dollars) - - 3.66e-06***
(5.38e-08)

Revenues per student (in dollars) - - -0.00111***
(0.000213)

Instruction expenses per student (in dollars) - - -0.000849*
(0.000498)

All expenses per student (in dollars) - - 0.00112***
(0.000240)

Constant 4,002*** 3,595*** 3,325***
(24.73) (23.97) (46.80)

Observations 54,673 54,673 32,342
R-squared 0.209 0.291 0.320
Year FE Yes Yes Yes
Degree FE Yes Yes Yes

Notes: This table presents regressions of equation 2 used to generate ν̂u,t, the innovations in the
difference between out-of-state and in-state tuition fees which are subsequently used as instruments in
equations (1) and (3). Sources of all covariates: IPEDS.

52



T
ab

le
A

4:
Im

pa
ct

of
in

st
ru

m
en

ts
on

na
ti

ve
an

d
fo

re
ig

n
gr

ad
ua

te
s.

D
ep

en
de

nt
va

ri
ab

le
:

lo
g(

N
um

be
r

of
gr

ad
ua

te
s

+
1)

lo
g(

N
um

be
r

of
fo

re
ig

n
gr

ad
ua

te
s

+
1)

lo
g(

N
um

be
r

of
U

S
gr

ad
ua

te
s

+
1

)
(1

)
(2

)
(3

)
(4

)
(5

)
(6

)

St
an

da
rd

iz
ed

pr
ed

ic
te

d
-0

.0
07

1
-0

.1
04

3*
**

0.
00

41
re

si
du

al
s

fr
om

eq
ua

ti
on

(1
(0

.0
06

1)
(0

.0
17

8)
(0

.0
06

2)

Sh
ift

-s
ha

re
IV

0.
00

61
0.

00
49

**
*

0.
00

52
(0

.0
04

5)
(0

.0
01

7)
(0

.0
04

5)

O
bs

er
va

ti
on

s
6,

89
9

6,
02

8
6,

89
9

6,
02

8
6,

89
9

6,
02

8
U

ni
ve

rs
ity

fix
ed

eff
ec

ts
Y

es
Y

es
Y

es
Y
es

Y
es

Y
es

C
ar

ne
gi

e
x

Y
ea

r
fix

ed
eff

ec
ts

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
ot

es
:

D
ep

en
de

nt
va

ri
ab

le
is

th
e

lo
g

nu
m

be
r
of

T
ot

al
(1

an
d

2)
,f

or
ei

gn
(3

an
d

4)
an

d
U

S
(5

an
d

6)
gr

ad
ua

te
s
+

1.
C

ol
s
1,

3
an

d
5:

in
st

ru
m

en
t:

in
no

va
ti

on
of

no
n

re
si

de
nt

tu
it

io
n

fe
es

;e
st

im
at

io
n

pe
ri

od
:

19
99

-2
01

4;
sa

m
pl

e:
pu

bl
ic

U
S

un
iv

er
si

ti
es

.
C

ol
s

2,
4

an
d

6:
in

st
ru

m
en

t:
sh

ift
-s

ha
re

;
es

ti
m

at
io

n
pe

ri
od

:
20

04
-2

01
4;

sa
m

pl
e:

no
t-

fo
r-

pr
ofi

t
U

S
un

iv
er

si
ti

es
.

53



Table A5: Robustness checks of overall effects estimated with shift-share IV.

Dependent variable: Number of Number of Number of Number of Number of
entrepreneurs companies surviving companies funded patenting

companies above median companies
(1) (2) (3) (4) (5)

Panel A: Controlling for University × period fixed effects

Share of international 0.0296 0.0260 0.0271 0.0265 0.0018
master graduates (0.0217) (0.0222) (0.0226) (0.0171) (0.0038)

Observations 4,008 4,008 4,008 4,008 4,008
University x period fixed effects Yes Yes Yes Yes Yes
Carnegie × Year fixed effects Yes Yes Yes Yes Yes
First-stage F-statistic t 18.93 18.93 18.93 18.93 18.93

Panel B: Controlling for University × time-trend fixed effects

Share of international 0.0506*** 0.0452** 0.0464** 0.0388*** 0.0027
master graduates (0.0189) (0.0194) (0.0196) (0.0147) (0.0028)

Observations 6,028 6,028 6,028 6,028 6,028
University x time-trend fixed effects Yes Yes Yes Yes Yes
Carnegie × Year fixed effects Yes Yes Yes Yes Yes
First-stage F-statistic 20.22 20.22 20.22 20.22 20.22

Panel C: Estimating semi-elasticity

log number of 0.6863** 0.6152* 0.6308* 0.5256** 0.0369
international master graduates (0.3232) (0.3179) (0.3218) (0.2501) (0.0386)

Observations 6,028 6,028 6,028 6,028 6,028
University fixed effects Yes Yes Yes Yes Yes
Carnegie × Year fixed effects Yes Yes Yes Yes Yes
First-stage F-statistic 10.10 10.10 10.10 10.10 10.10

Notes: This Table provides robustness checks of estimations results reported in Table 9, Panel B (shift-share
IV). In Panel A: equation (1) supplemented with university-period fixed effects. In Panel B: equation (1)
supplemented with university specific trends. In Panel C: explanatory variable is (log of) number of foreign
graduates rather than share of foreign graduates. Standard errors clustered at university-cohort level.

54



Table A6: Impact of foreign graduation on start-ups: accounting for size of native cohort.

Dependent variable: Number of Number of Number of Number of Number of
entrepreneurs companies surviving companies funded patenting

companies above median companies
(1) (2) (3) (4) (5)

Panel A. Tuition IV

Share of international 0.0563*** 0.0604*** 0.0596*** 0.0535*** 0.0075**
master graduates (0.0185) (0.0197) (0.0195) (0.0139) (0.0032)

log number of 0.0015 0.0016 0.0017 -0.0171 -0.0013
master graduates (0.0234) (0.0255) (0.0252) (0.0210) (0.0031)

Observations 6,899 6,899 6,899 6,899 6,899
University fixed effects Yes Yes Yes Yes Yes
Carnegie × Year fixed effects Yes Yes Yes Yes Yes
First-stage F-statistic 77.72 77.72 77.72 77.72 77.72

Panel B. Shift-share IV

Share of international 0.0554*** 0.0496** 0.0508** 0.0424*** 0.0030
master graduates (0.0202) (0.0207) (0.0209) (0.0157) (0.0029)

log number of -0.0447** -0.0389** -0.0393** -0.0335** -0.0024
master graduates (0.0195) (0.0197) (0.0199) (0.0151) (0.0028)

Observations 6,028 6,028 6,028 6,028 6,028
University fixed effects Yes Yes Yes Yes Yes
Carnegie × Year fixed effects Yes Yes Yes Yes Yes
First-stage F-statistic 17.28 17.28 17.28 17.28 17.28

Notes: IV estimations of equation (1) supplemented with size of cohort. Panel A: instrument: innovations to
non resident tuition fees (equation 2). Estimation period: 1999-2015. Sample: public US universities. Panel B
: shift-share IV based on 10 most popular origins of foreign graduates. Estimation period: 2004-2015. Sample:
not-for-profit US universities. Definitions of dependent variables in cols (1-5): see Table 9.
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Table A7: Validity test: relationship between residual tuition-IV and graduation rates.

Dependent variable: Graduation rate Graduation rate Difference b/w graduation rates
US-born students International students of US-born and international students

(1) (2) (3)

Predicted residuals from -0.0018 -0.0017 0.0015
equation (1) (0.0024) (0.0101) (0.0086)

Observations 6,899 6,899 6,899
University fixed effects Yes Yes Yes
Carnegie × Year fixed effects Yes Yes Yes

Notes: This table regresses the ratio of graduates per enrollees by university cohort on the residual tuition IV
specifically computed on tuition charged to students. Standard errors are clustered at the university-cohort
level.
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3 Additional Figures

Figure A2: Time between graduation and first start-up creation

Notes: This figure provides the cumulative distribution of the proportion of start-up creation dates
compared with timing of graduation. Founders include US-born and foreign born founders. Timing of
start-up creation drawn from Crunchbase database. Timing of graduation drawn from IPEDS.
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