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We compare winning and losing firms in lotteries forH-1B visas, match-
ing administrative data on these lotteries to administrative tax data on
US firms and to approved US patents. Winning one additional H-1B
visa crowds out about 1.5 other workers at the firm. Additional H-1Bs
have insignificant and at most modest effects on firm innovation. More
general evidence from the universe of US firms and the universe of
H-1B visas using alternative estimation strategies is consistent with
these results. Firms that hire H-1Bs grow faster and innovate more be-
cause they are different in other ways from firms that do not.
I. Introduction
A key issue in several fields of economics is how easily firms can substitute
one type of worker for another. Substitutability has implications for firms’
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production functions, predicting the demand for labor, and the inci-
dence of policies that affect the price or availability of different types
of labor. However, it is rare to observe a setting in which the availability
of one or more types of labor is truly random, allowing a sharp test of
hypotheses.
In this paper, we explore what happens to firms that win lotteries for an

important type of labor in the United States: highly skilled foreign work-
ers in the H-1B visa program.1 Firms often argue that H-1B workers have
exceptional skills that they cannot otherwise obtain and that obtaining
these unique skills is necessary for them to grow and innovate. Others ar-
gue that H-1Bs have skills that firms could otherwise obtain and thus that
additional H-1Bs would generally crowd out other workers and havemore
muted effects on firm outcomes such as innovation. While firms that hire
H-1B visa workers grow faster and innovate more than other firms, a key
question is whether this is due to the causal effect of H-1Bs on the firms
or because of other differences. We answer this question by using admin-
istrative data on the entrants in these lotteries, matched to their tax filings
and patenting. We find that winning a lottery for a skilled foreign worker
crowds out otherwise available workers and does not increase firm patent-
ing.2 Winning firms neither grow faster nor innovate more than losing
firms.
1 In 2010, immigrants accounted for 16% of the US adult population with at least a bach-
elor’s degree, and high-skilled immigrants represented 24% of workers in occupations
closely tied to innovation (Pekkala Kerr, Kerr, and Lincoln 2015). In recent years, promi-
nent voices from government, business, labor, and academia have discussed significant
changes to US immigration law. Many proposals have envisioned changes to the largest
US high-skilled immigration program: H-1B visas for temporary immigration, which allow
US firms to employ foreign workers for 3 years. The path of high-skilled immigration into
the United States is unusual by international standards: the H-1B program is built around
written requests from individual firms for access to specific workers with ostensibly unique
skills. How H-1B workers affect the firms that have applied for them is the subject of much
public discussion but little empirical work.

2 We also find that it decreases the probability of hiring contractors and has no effect on
the amount of the research and experimentation (R&E) credit claimed.
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This result applies more generally than the setting of these lotteries.
Regression discontinuity estimates based on application submission dates
that compare firms that just did and did not miss out on being rationed,
estimates based on the winners of large lotteries compared to a proxy con-
trol group, and shift-share estimates based on variation in visa caps all re-
veal that H-1B visa workers crowd out otherwise available workers at the
firm level, leavingmeasures of firm innovation roughly constant. Likewise,
adding firm fixed effects to naïve regressions of firm employment on new
firm H-1B visas among the universe of US firms produces similar results.
In particular, lottery point estimates show that winning one additional

H-1B visa worker crowds out approximately 1.5 otherwise available work-
ers. Regression discontinuity point estimates show crowd-out of roughly
1.5 other workers, point estimates from the winners of a larger quasi lot-
tery show crowd-out of about 0.7 other workers, shift-share point esti-
mates show crowd-out of 1.25 other workers, and firm fixed effect point
estimates show crowd-out of 0.9 other workers.3

Overall, our results are not supportive of the narrative that H-1Bs have
unique skills that firms cannot otherwise obtain, in contrast to what is sug-
gested by lawmakers.4 Rather, they are more supportive of a narrative in
which marginal H-1Bs crowd out other workers, are paid less than alter-
native workers, and increase the firm’s profits—despite having little ef-
fect onmeasures of firm innovation. Indeed, we find some evidence from
our lottery variation that additional H-1Bs increase profits and some ev-
idence that additional H-1Bs decrease payroll costs per employee.
Several advances over the previous literature make these analyses pos-

sible, including administrative H-1B data on both lottery winners and los-
ers and linkage of this and other H-1B data to the tax filings and patent
data for the universe of US firms. Thus, relative to other studies on H-1B
visas and other immigration programs, ours is the only one, to our knowl-
edge, to leverage randomized variation or a discontinuity to estimate the
effect of immigration on outcomes in the receiving economy as well as to
focus on the universe of affected US firms. Our paper relates to previous
3 Note that we generally cannot reject that any particular strategy’s estimates are differ-
ent from another’s.

4 The Senate Judiciary Committee reports that accompanied legislation to expand the
H-1B program in 1998 and 2000 exemplify the narrative in which H-1Bs help firms address
“shortages” of special skills. The former report noted that “companies across America are
faced with severe high skill labor shortages that threaten their competitiveness” (Senate
Judiciary Committee 1998, sec. 2 of amendment). The latter states, “America faces a seri-
ous dilemma when employers find that they cannot grow, innovate, and compete in global
markets without increased access to skilled personnel. . . . [E]ven apart from shortages in
particular fields, in our increasingly global economy, highly skilled foreign workers are cer-
tain to be in a position to make unique contributions to the U.S. economy. A person from
another country may simply be a uniquely talented individual with unique knowledge and
skills. . . . The country needs to increase its access to skilled personnel immediately in order to
prevent current needs from going unfilled” (Senate Judiciary Committee 2000, sec. I).
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work on the effects of immigration on the labor market (e.g., Card 1990,
2001; Borjas, Freeman, and Katz 1997; Friedberg 2001; Borjas 2003; Edin,
Fredriksson, and Åslund 2003; Lubotsky 2007; Borjas, Grogger, andHan-
son 2012; see surveys in Borjas 1994; Friedberg and Hunt 1995; Freeman
2006; Dustmann, Glitz, and Frattini 2008;Hanson 2009; and Pekkala Kerr
and Kerr 2011) as well as on measures of innovation (e.g., Borjas and
Doran 2012; Foley and Kerr 2013; Moser, Voena, and Waldinger 2014;
Grogger and Hanson 2015; see the Kerr 2013 survey). Previous studies
on the labor market or innovation impacts of the H-1B program or sim-
ilar programs include Hunt and Gauthier-Loiselle (2010), Kerr and Lin-
coln (2010), Hunt (2011), Peri, Shih, and Sparber (2013), Bound et al.
(2015), and Pekkala Kerr, Kerr, and Lincoln (2015). Regression analysis
in the literature has found no clear evidence of crowd-out of other em-
ployment and in some cases has found crowd-in.5 The literature has also
found that H-1Bs lead to positive effects on patenting.
The paper is structured as follows. Section II describes the policy envi-

ronment. Section III describes the data. Section IV discusses simple sta-
tistics and overall comparisons among firms. Section V discusses our em-
pirical specifications. Section VI describes the full set of results, and
section VII concludes.
II. Policy Environment
H-1Bs are sponsored by firms, which apply to the US Citizenship and Im-
migration Services (USCIS) and pay a fee to obtain a visa for each H-1B
worker they wish to hire. In its application for each visa, a firmmust spec-
ify the identity of the worker it wishes to hire. AnH-1B visa allows a skilled
foreigner to enter the United States for 3 years. The H-1B is considered a
“nonimmigrant” visa because it allows those with H-1Bs to stay in the
United States only temporarily. After these 3 years, the worker may leave
the United States or a firm may seek to renew the worker’s H-1B visa.
Firms may also sponsor the worker to be a permanent resident. The
H-1B worker may also move to another firm before the initial 3 years
are up, though several frictions pose barriers to a move: the new firm
must pay USCIS application and legal fees; upon moving, an H-1B goes
to the “back of the line” for gaining permanent residency; some H-1Bs
may not know that they can change jobs; and in the years we study, the
5 Kerr and Lincoln (2010) find no evidence that H-1Bs crowd out other workers.
Pekkala Kerr, Kerr, and Lincoln (2015) find mixed evidence on the effect of H-1Bs on total
firm size. Peri, Shih, and Sparber (2013) find that H-1Bs increase native employment. How-
ever, the simulations of Bound et al. (2015) show that the ability to hire foreign computer
scientists should reduce equilibrium employment and wages of natives while increasing
equilibrium aggregate employment and output.
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worker had to wait for several months until the new firm’s H-1B applica-
tion was approved, but a gap of only 2 weeks was allowed between jobs.6

The firm submitting the H-1B application (Form I-129) must attest,
among other things, that “(a) H-1B nonimmigrants will be paid at least
the actual wage level paid by the employer to all other individuals with
similar experience and qualifications for the specific employment in
question or the prevailing wage level for the occupation in the area of em-
ployment, whichever is higher” and “(b) The employment of H-1B non-
immigrants does not adversely affect working conditions of workers sim-
ilarly employed in the area of intended employment.” Firms are required
to pay H-1Bs comparably with workers in one of four skill categories (de-
fined by experience, education, and level of supervision).7
A. Caps and Lotteries on H-1Bs
The total number of H-1B visas awarded to for-profit firms in a given year
is subject to a maximum number, or “cap.” This cap is different for visas
given to workers who have a master’s degree or higher from a US institu-
tion (the “advanced degree exemption” [ADE]H-1B visa) and those with-
out such a degree (the “regular”H-1B visa). In recent years, including the
years for which we have lottery data, the cap for ADE visas has been 20,000
and the cap for regular visas has been 65,000. Much of the literature has
identified the effects of H-1Bs through variation in these caps over time,
especially the large increase in the caps in 1999, followed by a large de-
crease in 2004.
The number of H-1B visa applications in any given year has not always

exceeded the cap, but in the two lottery years we study, the cap was
reached for each of the two types of H-1B visa. Visa applications were ac-
cepted on a rolling basis once the application season began, and USCIS
allocated visas by lottery only for applications submitted on the date when
the total number of applications received exceeded the remaining avail-
able slots. In each of these lotteries, the total number of applications that
won the lottery was equal to the number of remaining visas necessary to
reach the cap.
Ourmain strategymakes use of lotteries forH-1B visas in fiscal year (FY)

2006 and FY2007. (While lotteries were run in subsequent years, USCIS
did not keep data on which firms won or lost the lottery.) The caps for
6 Depew, Norlander, and Sorensen (2013) study a single multinational information
technology firm and find that from 2003 to 2011, 22% of its H-1Bs quit and moved to an-
other firm while on the H-1B visa.

7 Employers who are “H-1B dependent”—whose workforce has a sufficiently large frac-
tion of H-1B employees—face additional requirements to attempt to recruit, and not dis-
place, US workers. Firms may legally hire an H-1B in lieu of a worker who would have been
at a higher skill level.
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the FY2006 regular visas, the FY2006 ADE visas, the FY2007 regular visas,
and the FY2007 ADE visas were reached on August 10, 2005, January 17,
2006, May 26, 2006, and July 26, 2006, respectively. That those were the
dates the cap was reached was known only ex post—making it effectively
impossible for firms to game the system by applying on the (unknown)
lottery date for more visas than they desired, on the basis of the (un-
known) probability of selection. Even across the four lotteries we study,
the probability that an application won varied widely. Indeed, these were
the first two years USCIS used a lottery to allocate H-1Bs, and it was not
announced in advance that lotteries were going to be run.8 Each lottery
was conducted within a month of reaching the relevant cap.
If a firm is denied a cappedH-1B, it has several alternatives to hiring no

one. Other than hiring US citizens or foreigners who are permanent res-
idents, firms can hire foreigners on other visas, including L-1 temporary
work visas, optional practical training (OPT) extensions of F-1 student vi-
sas, or H-1Bs not subject to the cap. L-1s allow multinational firms to
bring a worker at a foreign branch to the United States temporarily. Visa
lottery losers would likely not resort to bringing the same worker to the
United States on an L-1, since a firm would have typically applied for
an L-1 rather than an H-1B if the L-1 were feasible (as the L-1 is more ad-
vantageous to the firm than the H-1B). Only 11% of lottery participants
are multinationals, further limiting the importance of the L-1 in our con-
text. In FY2006 and FY2007, OPTextensions allowed F-1s to extend their
stays for only 12 months, limiting substitutability with H-1Bs, and the ma-
jority of H-1B applicants are not eligible for an F-1 visa.
B. What Job Tasks Do H-1Bs Do?
Before describing the data, it is worthwhile to consider what tasks H-1Bs
typically do, which can help contextualize the results that follow. Data on
I-129 applications show that H-1B visa workers work in a variety of occu-
pations doing a variety of tasks, from working as researchers to working
in tech support call centers. However, despite this diversity, the majority
of I-129 applications from firms list one occupation: “systems analysis and
programming.”9

We break down this broad occupation category into specific occupa-
tions that reveal worker tasks by using the Department of Labor’s 2006
Occupational Employment Statistics by state, containing mean annual
8 One to two weeks before each lottery, USCIS publicly announced the number of appli-
cations it had received. Thus, firms may have been able to anticipate approximately when
the cap might be reached, but they could not reasonably predict the exact day it would be
reached or probability of selection on this day.

9 While this occupation constitutes only a plurality among just ADE applications, those
H-1B applications total less than one-quarter of all capped H-1B slots.
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earnings for the 16 suboccupations within the “computer andmathemat-
ical occupations” category. The mean annual earnings of these different
suboccupations vary widely within each state. Thus, the 2006 salary and
state of a person in the computer occupations can determine whether
they are being paid like someone in a creative research role or like a worker
in tech support.
We report in appendix table 1 differences between the mean annual

salaries in each subcategory and the actual annual salaries paid to regular
H-1Bs in “systems analysis and programming,” reported in their I-129s.
The occupations with the closest annual salaries to H-1Bs, adjusted by
time and place, are not the creative professions of software engineers
or even the higher-level technical professions such as programmers.
Rather, they are lower-level supporting jobs, such as computer support
specialists, technicians, and systems administrators. The wages are so
much lower for these H-1Bs than the time-and-place-adjusted wages for
creative professions that it is very unlikely that many of these H-1Bs are do-
ing creative work, at least if prevailing-wage restrictions are met.
III. Data
This paper combines, for the first time, data on the universe of US firms
with data on H-1B immigrants at the firm level. It combines these data
with the universe of US patents to paint a thorough picture of highly
skilled immigrants and their output at US firms.
A. Data Sources

1. Internal Revenue Service (IRS) Data
We use IRS tax data on the universe of US firms. The holder of every
uniqueEmployer IdentificationNumber (EIN) that employs workersmust
generally report firmemployment on a quarterly basis (Form941).We also
rely on additional tax forms for other outcomes, including business in-
come tax returns (1120, 1120S, and 1065), W-2s, and 1099-MISC.
2. USCIS Data
We use USCIS administrative data on the H-1B submissions for FY2006
and FY2007. The data contain the following information on each H-1B
visa application in each of these years: EIN and name of the firm apply-
ing, the date the firm applied for a visa, the type of H-1B (regular or
ADE), how many of each firm’s applications won or lost the lottery,
whether each application was approved by USCIS, and firm-reported
worker characteristics from the I-129, such as highest degree completed.
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These data are used for our main lottery analysis as well as our regression
discontinuity (RD) design.
For the remaining ancillary identification strategies, we useUSCIS data

on the number of newly approved cappedH-1Bs at each firm in theUnited
States for each FY from 2003 through 2008 (not including renewals). In
each FY, these data contain approximately 30,000 firm names (but not
EINs), each with an associated number of approved H-1Bs for that FY.
3. Patenting Data
We obtained the Patent Dataverse on the universe of granted US patent
applications from 1975 to 2013 at each firm (identified by name) based
on US Patent and Trade Office (USPTO) data organized by year of appli-
cation.10 We also observe total patent citations. For ancillary identifica-
tion strategies, we use the data in Bell et al. (2019) that link individuals
in the IRS data with those listed on patent applications.
B. Match between USCIS, IRS, and Patenting Data
Using EINs, wemerged firms from theUSCIS lottery data to their IRS rec-
ords.11 The IRS data give us firm-level quarterly employment and annual
net income (“profit”), wage bill, and R&E credit for research and devel-
opment expenses. For the patent merge, as explained in appendix 1, we
performed an intentionally liberal automatic string-matching procedure
between the USCIS lottery and patenting data sets to obtain all plausible
matches between firms and patents. We then searched through the matches
by hand to detect and remove all matches that appeared spurious.
For estimation strategies that rely on USCIS data on the number of

newly approved H-1Bs at each firm for FYs 2003–8, we match them to
IRS data, using a fuzzy match on firm names. (Since there are approxi-
mately 30,000 separate firms for each FY, we must apply a fuzzy matching
technique that does not involve any by-handwork, as explained in app. 1.)
The resulting matched data contain over 10 million for-profit firms (the
10 See https://dataverse.harvard.edu/dataverse/patent. Granted patents are classified
by the calendar year a firm applied for the patent. For example, our measure of the num-
ber of patents at a firm in year 0 refers to patents the firm applied for in year 0 that were
approved by 2013.

11 We drop the 2.0% of firms in the USCIS data that did not match to the IRS EINmaster
list. Of the remaining firms, 4.5% did not match to the quarterly firm employment data; we
treat these data as missing for employment analyses. Of the rest, 17.9% have missing em-
ployment data in year21. We try two options for these firms: first, dropping these data for
the purpose of the employment specifications, and second, using a dummy variable to in-
dicate missing preperiod employment and assigning mean preperiod employment to firms
with missing data. We separately test for balance across each selection point.

https://dataverse.harvard.edu/dataverse/patent
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universe of for-profit firms in the United States), of which 68,092 firms
have at least one H-1B between the years 2003 and 2008.12 We also con-
struct a match between the universe of firms in the IRS data and the uni-
verse of US patenting data. We start with an existing link between individ-
uals on approved patent applications and their taxpayer IDs (Bell et al.
2019) and then use W-2 data to determine whether each individual was
an employee of a firm in the year a patent application was submitted
and, if so, at which firm the individual was working. This allows us to infer
patent counts by firm-year. We explain in further detail in appendix 1.
IV. Simple Statistics and Comparisons

A. Summary Statistics and Sample
Table 1 shows summary statistics for the universe of US firms. It is clear
that firms that have ever had an H-1B have higher employment, experi-
ence larger increases in employment each year, patent more, have higher
profits, and pay their workers higher salaries. It is possible that these dif-
ferences in outcomes are due to positive causal effects of H-1Bs on firms.
It is also possible that these differences in outcomes are artifacts of other
differences between the types of firms that happen to hire H-1Bs and the
types of firms that do not. Our lottery identification strategy and ancillary
identification strategies can address this question.
Column 3 of table 1 shows summary statistics for the FY2006 and

FY2007 lottery sample. We use data on 2,750 firms (i.e., EINs) in the full
lottery sample. In 300 cases (9.84%), firms apply for at least one visa in
both FY2006 and FY2007. Thus, over both lottery years, there are 3,050
firm–lottery year observations, where “year” refers to a year of the lottery,
rather than a year when an outcome is observed. Themean and standard
deviation of the number of employees during Q1–Q4 in the full sample
are very large. In firms with 30 or fewer, or 10 or fewer, employees in year21
(two representative cutoffs we use), the mean and standard deviation of
Q1–Q4 employment are lower but still large.Median employment is lower
than mean. Winsorizing also reduces the mean and standard deviation.
In the FY2006 regular lottery, the vast majority of applications lost the

lottery, and in the FY2007 regular lottery, the vast majority won. The ADE
lotteries have amore even fraction of winners and losers. The fact that the
vast majority either won or lost the regular lotteries will not directly pose
an issue for our estimates; such effects on precision will be reflected in
the confidence intervals.
12 To make the regressions tractable, we restrict to a 1% random sample of firms without
an H-1B between 2003 and 2008, assigning them a weight of 100.



TABLE 1
Summary Statistics for Full Merged IRS Data

Variable

All Firms,
Mean (SD)

H-1B Firms,
Mean (SD)

Lottery Firms,
Mean (SD)

(1) (2) (3)

No. of employees:
All 22.23 (827.55) 422.88 (7,503.84) 1,877.84 (39,721.31)
≤30 6.09 (11.36) 12.45 (94.91) 43.09 (1,904.34)
≤10 3.78 (9.32) 7.11 (105.75) 9.64 (55.63)

Median employees:
All 4 20 31
≤30 4 8 10
≤10 3 5 6

Winsorized employment first difference:
All .21 (3.57) 3.20 (14.66) 27.28 (92.39)
≤30 .13 (1.58) 1.01 (3.04) 4.35 (9.43)
≤10 .12 (1.13) .75 (1.96) 3.22 (6.84)

No. of patents:
All .070 (5.15) 2.17 (39.38) 4.52 (56.11)
≤30 .011 (.33) .17 (1.93) .23 (8.59)
≤10 .007 (.26) .10 (1.27) .023 (.49)

IHS of patents:
All .012 (.173) .23 (.81) .15 (.80)
≤30 .005 (.099) .06 (.37) .017 (.22)
≤10 .003 (.081) .04 (.28) .010 (.14)

IHS of R&E:
All .049 (.788) .70 (2.98) 1.55 (4.74)
≤30 .014 (.399) .24 (1.69) .15 (1.39)
≤10 .007 (.290) .14 (1.31) .14 (1.22)

Fraction with
R&E:
All .004 (.063) .054 (.225) .099 (.30)
≤30 .001 (.036) .020 (.141) .013 (.11)
≤10 .001 (.026) .012 (.110) .013 (.11)

Median payroll per employee ($):
All 16,800 37,944 49,332
≤30 16,433 33,930 42,281
≤10 16,049 31,075 38,657

Median firm profits ($):
All 11,308 45,844
≤200 80,250
≤30 9,822 27,928 43,301
≤10 8,196 20,454 30,398

New H-1Bs as share of employees:
All .00079 (.08) .075 (.75)
≤30 .00081 (.08) .12 (.95)
≤10 .00085 (.09) .16 (1.19)

Fraction winning lottery:
2006 regular .04
2006 ADE .17
2007 regular .98
2007 ADE .55
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The lottery sample contains 7,243 visa applications, with an average of
2.37 H-1B applications per firm, summing over both years. The average
firm in our sample won 0.57 H-1B visas when aggregating across both
years. The standard deviation of the number of chance lottery wins (de-
fined below) is 0.33, and its range runs from 22.65 to 2.96. Over half
of firms are in North American Industry Classification System (NAICS)
code 54, representing professional, scientific, and technical services.
TheH-1B application data show that across all lotteries, applicant average
age is around 30 (app. table 2).
B. Comparison of Lottery Firms to Other Firms That
Applied before the Last Day
Our primary identification strategy comes from comparing firms that
randomly received H-1Bs to those that randomly did not. This compari-
son is comprised of firms that applied on the day the cap was reached,
which addresses effects for marginally changing the number of H-1Bs al-
lowed, a question of great relevance, as visa cap changes are contemplated.
Nonetheless, it is worthwhile to compare this sample to the broader sam-
ple of firms applying for H-1B visas in these years. In appendix table 3,
we regress characteristics of the firms or workers on a dummy for apply-
ing on the last day and lottery fixed effects. Applications on the last day
tend to be from larger firms and those that are more likely to be in
TABLE 1 (Continued)

Variable

All Firms,
Mean (SD)

H-1B Firms,
Mean (SD)

Lottery Firms,
Mean (SD)

(1) (2) (3)

Fraction in NAICS code 54:
All .11 (.31) .32 (.47) .56
≤30 .11 (.32) .36 (.48) .66
≤10 .12 (.32) .37 (.48) .65
Note.—The data are from IRS, USCIS, and USPTO administrative sources. Column 1
(“All Firms”) refers to the universe of firm-year observations in the IRS data. Column 2
(“H-1B Firms”) refers to firms listed as hiring at least one new H-1B during FY2003–8.
The “all” rows refer to firm-year observations of all employee sizes; the “≤30” (“≤10”) rows
refer to those firms with 30 (10) or fewer employees in a given year. Number of patents
refers to approved patents in each year from year 0 to 2013. Employment data are observed
in Q1–Q4, the first four quarters when the H-1B worker may work at the firm. R&E, payroll
per employee, and firm profits are measured in years 0–3, the duration of the H-1B visa. We
pool and stack time periods. For profits, we use the size category with ≤200 employees; our
regressions did not converge for higher thresholds. NAICS code 54 is professional, scien-
tific, and technical services. For R&E, the sample size is also smaller because the data mea-
sure only the R&E credit for C-corporations. The fraction patenting or with the R&E refers
to the mean of a yearly patenting dummy in years 0–8 or to the mean of a yearly dummy for
taking the R&E credit in years 0–3. Here and throughout the paper, dollar amounts (e.g.,
the R&E credit) are measured in real 2014 dollars.
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professional, scientific, and technical services industries and to have pat-
ented more in the past, compared to the set of firms that applied earlier.
On the last day, firms disproportionately submit applications for workers
with higher educational degrees, for those with higher intended worker
salaries, for “systems analysis and programming” jobs, and for younger
workers. If H-1Bs hypothetically have more positive innovation effects
in firms that patentedmore in the past and/or are in scientific industries,
or among workers with advanced degrees or higher salaries, then our
sample will arguably be primed to find a positive effect on innovation rel-
ative to using the full set of H-1B firms. Likewise, in appendix table 5, we
also show that firm growth rates are not inferior for firms applying on the
last day or on a day approaching it. Results from other empirical strategies
will speak more directly to the generalizability of the lottery experiment.
V. Empirical Strategies
Our main outcomes of interest are number of employees and patenting.
We also consider the effect on the R&E credit, the firm’s wage bill per em-
ployee, and profits. Below, we first discuss our primary empirical strategy,
which exploits the random assignment of H-1B visas among firms in the
FY2006 and FY2007 H-1B lotteries, before turning to secondary strategies.
Our lottery strategy must accommodate firms that applied for multiple

H-1B visas. If a firm submits n visa applications to a lottery in which p per-
cent of applications won a visa andW is the random number of H-1B visas
given to the firm, then the average number of H-1B visas given to the firm
in expectation is E½W � 5 pn. If w is the random realization ofW, then the
number of “chance lottery wins” or “chance visas,” u 5 w 2 pn, is the ran-
dom realization of the net number of wins relative to the ex ante statisti-
cal expectation conditional on p and n and will be exogenous in the re-
gression we specify below. Thus, our main independent variable is the
random variable U, the net number of a firm’s chance lottery wins, which
by construction has a mean of 0 and whose realization is u.
To find the causal effect of U on an outcome Y, we estimate versions of

YitT 5 b0 1 b1UiT 1 εitT , (1)

where t is the number of calendar years since the lottery in question oc-
curred; for example, t 5 0 corresponds to year 0.13 The term T indexes
the year of the lottery in question, that is, FY2006 or FY2007; UiT is the
13 For a given lottery year (i.e., FY2006 or FY2007), we refer to the calendar year the lot-
tery occurred (e.g., 2005 in the case of the FY2006 lottery) as “year 0.” The year before this
calendar year is “year 21,” the year after year 0 is “year 1,” etc. We refer to the first quarter
when an H-1B employee would begin work at a firm (e.g., the first quarter of FY2006 in the
case of the FY2006 lottery) as “Q1,” the next quarter as “Q2,” etc., which is relevant for em-
ployment, the only outcome we can observe quarterly.
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number of chance H-1B visa lottery wins for firm i in the lottery in year
T;14 εitT is an error term. The term b1 represents the intent-to-treat (ITT)
effect of an additional chance H-1B visa win, which is relevant because
firms and policy makers are interested in the raw effects on firms of allow-
ing a marginal capped visa to the firm. To increase statistical power, we
pool the regular and ADE lotteries for a given fiscal year T and stack data
fromFY2006 and FY2007 in the same regression.15We cluster the standard
errors at the firm level.
After a firm wins an H-1B lottery, its application may be approved, de-

nied, or withdrawn. The total number of capped H-1B visas approved for
a firm in any given year is potentially endogenous because it depends on
the fraction of those that win the lottery that are approved. In practice,
most are approved. Still, we can use lottery wins as an instrument for ap-
proved capped H-1B visas in a two-stage least squares (2SLS) model:

AiT 5 a0 1 a1UiT 1 niT , (2)

YitT 5 g0 1 g1AiT 1 hitT , (3)

whereAiT represents the number of cappedH-1B visas approved for firm i
in the lottery that occurred in year T. In the first stage (eq. [2]), we re-
gress AiT on UiT using ordinary least squares (OLS). In the second stage
(eq. [3]), we regress YitT on AiT (instrumented with UiT) using OLS. The
coefficient g1 represents the local average treatment effect of an extra ap-
proved capped H-1B visa among the compliers (i.e., those induced by
winning the lottery to increase their number of approved capped H-1B
visas); nit and hit are error terms. This specification is most relevant in
the employment context, where we are testing whether additional H-1Bs
crowd in or crowd out other employment.
Our employment variable measures a firm’s total employment, includ-

ing any H-1B workers, so we adjust our employment coefficients by 1 to
subtract theH-1B worker and present effects on the employment of other
workers. The key question of interest is a two-sided test of whether the co-
efficient on H-1B visas is significantly different from 0, as theory is ambig-
uous about such a relationship. If the coefficient is positive and signifi-
cant, it would indicate that the extra H-1B visa increases employment
14 Although the randomization implies that Ui should be exogenous in eq. (1), it is also
possible to control for various predetermined covariates. We generally control for a lagged
value of an outcome variable at the firm (e.g., when the dependent variable is the number
of employees, we can control for Yi,preperiod,T, the number of employees in firm i observed in
the period preceding the lottery) and for the expected number of lottery wins pn.

15 Similarly, whenever we examine an outcome across multiple time periods t, we stack
the data across these periods. For the 2.69% of firms that participate in more than one lot-
tery in a given fiscal year T (e.g., a firm participates in both the 2006 regular and ADE lot-
teries), we calculate UiT by summing the total number of chance lottery wins across both of
the lotteries that the firm enters in year T.
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of other workers at the firm—as opposed to crowding out workers that
the firm would have otherwise hired, in which case the coefficient would
be negative. One-for-one crowd-out would yield a coefficient of21. Finally,
it is possible that the new H-1B worker works more hours or works harder
than others (perhaps to secure another visa or green card for continued
employment in the United States) and therefore crowds out more than
one other worker, for a coefficient of less than 21.
We investigate the effects of H-1Bs on each outcome for the three-year

duration of the initial visa for consistency, but we also focus on shorter
and longer durations that are most appropriate for our main employ-
ment and patenting outcomes, respectively. In particular, we focus on
quarterly employment from Q1 to Q4 of the visa, when the H-1B worker
is almost always working at the firm and when a coefficient’s relation to
zero will therefore most reliably indicate crowd-in or crowd-out, and on
patents from year 0 to the latest year available in the data, year 8, given
the sometimes substantial time taken to develop patents.
To adjust for the long right tail of the employment distributions and

the relatively small sample sizes in the lottery sample, we take two ap-
proaches. First, in our baseline specification, we run median regressions.
Second, we run mean regressions where we either include firm-by-lottery
fixed effects and winsorize the dependent variable at the 95% level or let
the dependent variable be the winsorized first difference of employment.
The first difference ΔYitT is taken from before the lottery to period t after
the lottery. Such regressions would not capture large effects on employ-
ment outcomes, but below we explore this issue in depth.
Because of the long right tail of the distribution of patents, previous lit-

erature has typically examined transformations of the number of patents.
We approximate the log of the number of patents using the inverse hyper-
bolic sine (IHS), which is defined at zero and approximates the log for
larger values of its arguments (e.g., Burbidge, Magee, and Robb 1988;
Pence 2006). The IHS of patents Y is defined as

IHS Yð Þ 5 ln Y 1
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 1 Y 2

p� �
:

We alternatively deal with the distributional challenges posed by patents
by using the negative binomial regression. This regression takes into ac-
count that patenting is a count variable.
We expect our results to be most statistically distinguishable in small

and medium-sized firms, which, in the aggregate, contribute in impor-
tant ways to US employment and innovation (Acs and Audretsch 1990)
and comprise a substantial fraction of all H-1B lottery applicants (e.g.,
19% of H-1B visas come from firms with 10 or fewer employees; 34%
come fromfirms with 30 or fewer employees). To evaluate how the effects
vary across firms of different sizes, we investigate firms with 10 or fewer
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employees in year21 (roughly the 25th percentile of firm size in our sam-
ple), those with 30 or fewer employees in year21 (roughly the 50th per-
centile), many other firm size cutoffs, and firms of all sizes.
We now turn to discuss our secondary strategies, which, while relying

on stronger identification assumptions, complement our main approach
by providing two main benefits. First, the alternative approaches provide
substantial improvements in statistical power over our lottery results, af-
fording us the ability to more regularly recover meaningful confidence
intervals from unwinsorized mean regressions and for full samples of
firms.16 Second, they enable us to examine contexts that sometimes pro-
vide larger-scale variation affecting more H-1B applications.
Our first alternative approach adopts an RD design that exploits how

the probability that a firm had a successful application fell from nearly
100% if submitted before the cap was reached tomuch lower if submitted
on the day a cap was reached in FY2006 and FY2007. Importantly, it was
not known in advance which days the caps were going to be reached, elim-
inating firms’ ability to sort around the cutoff. We implement our RD ap-
proach using days relative to the cap being reached as the running variable
and the optimal bandwidth of 20 days calculated by the method of Calo-
nico, Cattaneo, and Titiunik (2014). Specifically, we tweak equations (2)
and (3) by instrumenting for the number of H-1B visas approved with
whether the applications were submitted before the day the cap was re-
ceived and including a quadratic running variable to fit the relationship
between the number of accepted H-1B applications and the number of
days before the cap was reached and visa type–by-year fixed effects.17

We then consider the large FY2008 lottery, in which 123,480 H-1B ap-
plications were received in the first two days of the application season for
only 85,000 capped slots. In this lottery, all applications were entered into
the lottery, making this setting an interesting contrast to the moderately
binding years of FY2006 and FY2007. The setting is difficult to analyze,
however, because USCIS did not record information for the firms that
lost the lottery.18 Therefore, we must compare approved lottery winners
with a control group constructed to proxy lottery losers.We construct this
comparison group by determining the subset of Labor Condition Appli-
cation (LCA) submissions that were likely to be eligible for submitting an
H-1B application that would have been subject to the lottery (a prior LCA
submission is required before an H-1B application can be submitted, but
16 As a result, we exclusively present unwinsorized employment regressions for these
strategies.

17 Some firms submit applications on multiple days, but keeping firms that show up in
both the treatment and control groups greatly attenuates any effect on visa approval. Thus,
in order for there to be a first stage, we must limit our sample to firms that submitted all
their applications for a particular visa category–year on one given day (76.4% of firms).

18 Additionally, we can observe only approved winners.
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it does not guarantee an H-1B application submission).19 Ultimately, we
cannot rule out that the results are influenced by attrition from the
LCA sample into the lottery, nor can we determine which losing applica-
tions were in the regular and ADE lotteries, which had different selection
probabilities.20 With this proxy control group constructed and approved
wins, we calculate “chance wins” and estimate equation (1).
We also utilize a shift-share strategy, which is one of the most common

strategies employed when studying the impact of H-1B workers or mi-
grants more generally (e.g., Pekkala Kerr, Kerr, and Lincoln 2015).21 This
strategy exploits cross-sectional reliance on H-1Bs and changes in the na-
tionalH-1B cap over time, including those that occurred after 2003, when
the cap decreased substantially, from 195,000 in 2003 to 65,000 in 2004,
while modestly increasing to 85,000 for the remaining years for which we
have H-1B data (2005–8). The shift-share strategy requires a stronger
identification assumption, namely, that of parallel trends. To implement
the shift-share strategy, we calculate the share of new H-1Bs as a function
of lagged firm employment in the first year (2003) for which we have
H-1B counts. Firms that relied on many new H-1Bs in 2003 as a share of
the firm’s 2002 overall employment were more likely to be affected by
post-2003 visa cap changes than firms with a smaller share of H-1Bs. We
run a first-stage regression in which a firm’s new H-1Bs in a given year be-
tween 2003 and 2008 as a share of previous-year employment are regressed
on the firm’s 2003 H-1B share interacted with each year’s annual visa cap.
We also control for year and firm fixed effects and an interaction of a time
trend with the preperiod value of each dependent variable.
Finally, we compare H-1B firms to a large random sample of the uni-

verse of remainingUS firms. To do so, we augment equation (3) with firm
fixed effects in which the independent variable of interest is the number
of new capped H-1Bs approved for a given firm in a given year between
2003 and 2008, ranging from zero (most firms) to several thousand
(the most heavy H-1B users).
19 This consisted of all LCAs submitted by for-profit firms between March and April of
2007 in which the proposed H-1B worker would begin work between September and Oc-
tober of 2007. These restrictions are based on the USCIS rules that determine which I-129
applications would be subject to the FY2008 lottery, but we also tested and found robust-
ness to variation in these restrictions, and we determine for-profit status through a merge
to the IRS business entity database.

20 The ratio of LCA submissions to H-1B applications was approximately 1.63, raising the
possibility of large amounts of bias. Relatedly, Peri, Shih, and Sparber (2015) exploit these
large lotteries at the metropolitan area level, which likely implies, as a result of the law of
large numbers, that nearly all of the variation being exploited stems from attrition and dif-
ferences in reliance on ADE vs. regular H-1Bs across areas.

21 The literature on the impact of H-1Bs on firms has made use of smaller samples (such
as portions of the COMPUSTAT database or large firms from census data). We are the first
to analyze the results from this strategy applied to the universe of US firms.
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VI. Results

A. Validity
Appendix table 6 verifies the validity of the randomized design by re-
gressing variables that should not be affected by the lottery on chance
lottery wins. The table confirms that none of the lagged dependent var-
iables is significantly (or jointly) related to chance lottery wins.22 Employee
characteristics, as shown in appendix table 2, are also individually and jointly
insignificantly related to lottery wins (p 5 :31 in the joint test).
B. Employment Results
Table 2 shows ourmain results from estimating equations (1)–(3). Across
all specifications for small and medium-sized firms, the coefficients are
negative and statistically significant, indicating that H-1B workers de-
crease the number of other workers employed at the firm. Column 1 of
table 2 displays the b1 coefficients from median regressions of the form
outlined in equation (1), while columns 2 and 3 show the results from
2SLSmean regressions shown in equations (2) and (3).23 Column 1 shows
that for firms with 10 or fewer employees, an additional chance H-1B visa
win crowds out approximately one-and-a-half other workers in the year af-
ter the lottery. The results are similar for firms with 30 or fewer employees
and the full sample of firms. We then repeat these exercises for mean
regressions with firm fixed effects (col. 2) and firm differences (col. 3)
and similarly find evidence of crowd-out for firms with 10 or fewer or 30
or fewer employees, albeit with somewhat more negative but less precise
22 We investigate the effects on year 22 outcomes and control for the dependent vari-
able measured in year 21, which is the same control as in our regressions in later tables.
By investigating year 22 outcomes, we can also determine the firm size cutoffs by measur-
ing employment in year 21, yielding the same firms in each size category as in our later
regressions. When we investigate year 21 outcomes as the dependent variable, controlling
for year 22 observations and using firm size cutoffs from year 22, the regressions are in-
significant for all but one of the 27 dependent variables, consistent with random chance
(results not shown).

23 Because instrumental variable quantile regressions typically did not converge, we use
the ITT for median regression. These regressions do not reflect that someH-1B lottery win-
ners’ applications are rejected, but our first-stage coefficient presented in app. table 9 is
extremely precise and quite close to 1 (ranging from 0.88 to 0.89), such that scaling our
estimates by the first stage would not alter our findings. Of course, instrumental variable
quantile regressions do not rely on a Wald estimate, but in practice, in the rare median in-
strumental variable median regressions that converged, the coefficients on approved H-1B
visas were very similar to the ITT median coefficient divided by the OLS or median first
stage—i.e., only around 10% larger than in the ITT median regressions. Additionally, after
their visas are approved by USCIS, some workers may not show up for their jobs in the United
States. However, North (2011) estimates that around the time we study, nearly all (95%) of
those approved for H-1Bs ended up being admitted. Thus, (further) scaling our scaled ITT
or treatment-on-the-treated estimates a bit more to reflect this would have negligible effects
on our results and would not affect our conclusions.
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estimates.24 (Note that there is little difference between the firm fixed ef-
fects and differenced estimates.) However, the mean regression estimates
for the full sample of firms are imprecise, which is unsurprising because of
TABLE 2
Effect of H-1B Lottery Wins on Employment of Other Workers

Median
Regressions

(1)

2SLS Mean Regressions

With Firm Fixed Effects
(2)

With Differences
(3)

Employment in First Year (Q1–Q4)

A. ≤10 employees 21.52*** 22.09** 22.10**
[22.15, 2.89] [23.85, 2.33] [23.88, 2.32]

B. ≤30 employees 21.36*** 22.13** 22.26**
[22.09, 2.63] [24.21, 2.05] [24.25, 2.29]

C. All 22.05** 212.39 23.41
[23.67, 2.43] [265.60, 40.82] [218.76, 11.94]

Employment in First 3 Years (Q1–Q12)

A. ≤10 employees 21.64*** 22.60* 22.75**
[22.30, 2.88] [25.38, .19] [25.42, 2.07]

B. ≤30 employees 21.74*** 22.56* 22.98**
[22.61, 2.87] [25.46, .34] [25.66, 2.30]

C. All 22.95*** 229.74 211.00
[25.37, 2.52] [298.57, 39.09] [231.68, 9.67]
24 We find no evidence
findings. Namely, an extr
that winsorizing em
a H-1B visa has an
ployment in mean regressi
insignificant effect on the pr
Note.—The table shows coefficients on a chance H-1B lottery win, minus the H-1B visa
worker the firm won in the lottery, with 95% confidence intervals in brackets. Column 1
shows median regressions of firm employment on chance lottery wins, defined as actual
wins minus the expectation of wins conditional on number of applications and the prob-
ability each application wins. In the rare case that median regressions were unstable, we
searched within a 0.5% grid to find consistently more stable estimates. Columns 2 and 3
show 2SLS (mean) regressions where the dependent variable in col. 2 is firm employment
in the quarter of question winsorized at the 95th percentile (with firm-lottery fixed effects
and the observations from the first quarter of year21) and that in col. 3 is the difference of
firm employment from the first quarter of year21 to the quarter in question, winsorized at
the 5th and 95th percentiles. We pool and stack observations across quarters. The first panel
examines employment from Q1 to Q4, while the second panel examines employment from
Q1 to Q12. All specifications control for employment in this preperiod and expected lottery
wins (equal to number of H-1B applications entering a lottery multiplied by the probability
of winning the lottery). The 5th and 95th percentiles of the first difference in employment
are2109 and 352, respectively, in the full sample;29 and 30, respectively, among those with
30 or fewer employees; and 26 and 22, respectively, among those with 10 or fewer employ-
ees. In these regressions, the instrument is chance lottery wins, and the endogenous variable
is approved capped H-1B visas. The regressions include controls for employment from the
first quarter of year21 and the number of expected lottery wins. See table 1 for other notes
and sample sizes. If the H-1B worker works at the firm, a coefficient of 0 corresponds to nei-
ther crowd-out nor crowd-in of other employment, and a coefficient of21 corresponds to one-
for-one crowd-out of other employment.
* p < .10.
** p < .05.
*** p < .01.
ons is biasing our
obability that the
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the high variance of large employers. Across all specifications, the full set
of results remains similar whether we pool Q1–Q4 or Q1–Q12, with point
estimates slightly increasing in absolute value in the longer time horizon.
To see more comprehensively how the estimates vary across the em-

ployer size distribution, we estimate our baseline specification from col-
umn 1 of table 2, varying the size threshold from 10 or fewer employees to
500 or fewer in increments of 10.25 Figure 1A displays the results, showing
that the results remain stable across the employer size distribution, with
most point estimates hovering around21.5, as seen in table 2. In all cases,
the coefficients are statistically significant, ruling out no effect on the
employment of other workers at the 1% level. Figure 2 displays the dy-
namics of these effects by augmenting equation (1) and allowing the im-
pact of chance H-1B visa wins to vary by years since the lottery. Before the
lottery, the effect of a chance H-1B visa win has a point estimate that hov-
ers around zero, in line with the random assignment to treatment. Fol-
lowing the lottery, the impact on the employment of others is negative,
consistent with crowding out. Appendix 2 describes additional robust-
ness exercises,26 and appendix 3 describes efforts to estimate the effect
on employment of foreigners and nonforeigners separately. While there
are limitations with this exercise, the results suggest that at least some of
the crowd-out may be of other non-US citizens.
C. Innovation and Other Outcomes
To examine the effect that H-1B visas have on other firm outcomes, we
estimate regressions of the form outlined in equation (1), varying the de-
pendent variable. We present the results in table 3. We first examine the
effect of chance H-1B visa wins on the innovative activity of the firm. Col-
umn 1 shows the results with the IHS of patents over the 8 years following
the lottery as the dependent variable. We obtain a precisely estimated
null effect of chance H-1B visa wins on the IHS of patents. For firms with
10 or fewer employees, the point estimate is a 0.026% increase in patents.
With 95% confidence, we bound the effect between20.42% and 0.47%,
ruling out any material impact of an additional chance H-1B on patent-
ing activity. Column 2 uses negative binomial regressions and recovers
similar null effects, where with 95% confidence we can bound the impact
to be between 21.08% and 0.21% for the smallest firms.
25 The necessity of keeping a sufficiently large number of firms in each category, to pre-
vent the potential identification of any given firm, precludes us from going beyond 500 em-
ployees in increments of 10.

26 In particular, we show negative effects on employment of other workers quarter by
quarter, where firms missing prelottery employment are included, across a variety of sub-
groups and contractors.

change in employment is outside the 95th (or higher) percentile or fixed size cutoffs (app. ta-
ble 9), and we get similar results (though not as precise) without winsorizing (app. table 10).



FIG. 1.—Effect of H-1B visas on firm outcomes, by employer size. A, Coefficient and 95%
confidence interval (Conf. Int.) on a chance lottery win, minus the chanceH-1B visa worker
the firm won in the lottery, from median regressions, pooling together quarters 1–4 of the
first fiscal year that an employee can work at the firm in the regression, among employers of
the indicated size or smaller in year21 (where the maximum employer size in each case is
shown on the x-axis). The horizontal line at 0 on the y-axis corresponds to the case where
hiring an extra H-1B visa worker leaves other employment unchanged. The horizontal line
at 21 on the y-axis corresponds to the case where hiring an extra H-1B visa worker crowds
out other workers one for one. B, Coefficient and 95% confidence interval on chance H-1B
visas when the dependent variable is the IHS of patents in each year over years 0–8, among
employers of the indicated size or smaller in year21 (where themaximum employer size in
each case is shown on the x-axis). After multiplication by 100, the coefficient should be in-
terpreted as the approximate percentage increase in firm patenting due to a chance H-1B
visa lottery win. We show the coefficient for employers of each size ranging from 0–10 to 0–
500, with the upper bound of the size range in increments of 10. Note that the samples over-
lap across different regressions; for example, firms with 10 or fewer employees are included
in the samples in all 50 regressions shown. We use the baseline employment specification, in
which we control for the lagged dependent variable and expected lottery wins.
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Examining robustness of the patenting results, figure 1B again varies
the employer size threshold from 10 or fewer employees to 500 or fewer,
in increments of 10. At the lower end of the firm size distribution, the
point estimates hover around zero. As employer size increases to 80,
we see a decline in the point estimates, yet we still cannot reject the null
hypothesis of no effect at the 5% size, but a near-zero effect lies toward
the top of the 95% confidence interval. Figure 3 repeats an exercise sim-
ilar to that in figure 2, but with patents as the dependent variable. Ef-
fects are insignificant in the years before the lottery, and the dynamics in
response to a chance H-1B visa do not display a clear pattern, in line with
our precisely estimated “pooled” zero from before. Together, the evi-
dence indicates that an additional chance H-1B visa win results in at most
FIG. 2.—Effect of chanceH-1B visa on employment of other workers, by years sinceH-1B
lottery and by employer size. This figure shows the effect of a chance H-1B on firm employ-
ment from median regressions, by the years since the H-1B lottery, minus in years 0–2 the
chanceH-1B worker the firmwon in the lottery. Because the employment data are quarterly,
year 0 includes all quarters in the first year of the visa, year 2 reflects the third year of the visa,
and all coefficients are estimated relative to base year 21. Firm employment in years 0–2
represents average quarterly employment each year. Each point estimate is a coefficient
on chance H-1Bs from the baseline specification in table 2, with the dependent variable
varying from year23 to year 2. The dark lines represent the point estimates, and the lighter
lines represent 95% confidence intervals. For more information, see thetable 2 note.
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effects of h-1b visa policy 2523
a very modest increase in patenting and, in the most negative case, a
small decline in patenting. In appendix 2, we also explore and confirm
robustness to our patenting findings, including when examining patents
weighted by citations or limited to only firms in the more highly skilled
ADE visa lotteries (app. tables 16, 18).
While patenting is onemeasure of the innovative output of a firm,mea-

suring inputs into the production of innovative output is another way of
capturing the firm’s innovative activity. To do this, we estimate how a
chance H-1B visa win affects intensive- and extensive-margin claims of
the R&E credit during the duration of the visa in columns 3 and 4, respec-
tively. For firmswith 10 or fewer employees, the point estimate is negative,
although the 95%confidence interval is large, allowing us to rule out only
increases of greater than 4.1%. The point estimate for extensive-margin
use of the R&E credit is negative, with the 95% confidence interval ruling
FIG. 3.—Effect of chance H-1B visa on patents, by years since H-1B lottery and by em-
ployer size. This figure shows the effect of a chance H-1B on the IHS of firm patenting,
by the years since the H-1B lottery. Because the patent data are by calendar year and the
visa is on a fiscal year basis, year 0 includes only one treated quarter. All coefficients are
estimated relative to base year 21. Each point estimate is a coefficient on chance H-1Bs
from the baseline specification in table 3, with the dependent variable varying from year
24 to year 3. The dark lines represent the point estimates, and the lighter lines represent
95% confidence intervals. For more information, see the table 3 note.
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out an impact greater than 0.41 percentage points. We can rule out even
smaller increases for firms with 30 or fewer employees, but when all firms
are used to estimate the effect, the results are less precise.
Focusing on the remaining firm outcomes, column 5 examines the im-

pact that a chanceH-1B visa win has onmedian payroll per employee dur-
ing the duration of the visa. For smaller firms, we find declines in payroll
per employee, with point estimates of several thousand dollars. Column 6
shows the results for firm profits. While the results are statistically signif-
icant only for firms with 30 or fewer employees, the positive point esti-
mates in all three cases provide suggestive evidence for a moderate pos-
itive effect of chance H-1B wins on profits ranging from $3,000 to
$11,000.
D. Results from Secondary Strategies
Wenow turn to estimating the impact of H-1Bs with our secondary empir-
ical strategies. The results for all strategies, along with some reproduced
experimental estimates, are presented in table 4 across the main depen-
dent variables of interest. Starting with the RD design, appendix figure 1
visualizes the discrete and dramatic drop, relative to prior days, in the
number of H-1B applications accepted that occurs on the day the cap
is reached for all visa type–years but regular 2007, which is roughly in line
with their respective win rate probabilities. In column 1, we report
unwinosrized mean employment results for all secondary strategies.
For small andmedium-sized firms (and for the full set of firms in median
regressions, as shown in app. fig. 2), the RD employment estimates are
precisely measured and demonstrate crowd-out of other workers. These
estimates are in line with the results from our experimental strategy, but,
as expected, with tighter confidence intervals than the mean winsorized
lottery estimates (and similar confidence intervals to the median lottery
results).27 While the effect of an H-1B on patenting is less precisely mea-
sured than that for our experimental design, the effect on patenting and
use of the R&E credit is negative and generally significant (cols. 2 and 3).
We take this as suggestive evidence that the RD approach finds little effect
of H-1Bs on the innovative activity of the firm, with small negative effects
possible. Results for pay per employee and profits are mixed and impre-
cise (cols. 4 and 5).
Turning to winners of the large FY2008 lottery and the comparison

group of nonwinners presented in the third row of each panel in table 4,
the estimates we recover are precise, including for the full sample of firms,
27 The findings are robust to variation in bandwidth, polynomial order of the running
variable, firm samples, and use of median regressions, with app. fig. 2 showing the full
set of median estimates from varying the bandwidth from as low as 10 days through as high
as 100 days.



effects of h-1b visa policy 2525
and substantiallymore so than the prior strategies.Wefind that the effect of
an H-1B is to similarly crowd out other workers, although the magnitude
(around 0.75 workers) is smaller than what is seen in the experimental
and RD results. The point estimates for patenting estimates are small and
negative. The tight confidence interval allows us to rule outmodest changes
to the patenting activity of the firm. The results for the R&E credit rule out
moderate changes in the use of the tax credit. Together, these results con-
firm the picture painted by the experimental and RD strategies: the effect
of an H-1B on the innovative activity of a firm is small. While the results for
profits and payroll per employee are less robust to changes in firm size, we
see some evidence of higher profits and decreases in payroll per employee,
which is in line with the experimental evidence.
For the shift-share strategy, as expected, the results indicate that the

variation in the visa cap over time interacted with a firm’s preperiod
H-1B employment share has a statistically significant impact on the firm’s
H-1B employment share, with first-stage F-statistics of at least 66. As pre-
sented in the fourth row of each panel in table 4 and starting with employ-
ment, the results are in line with our previous findings; namely, they show
a decrease in the employment of other workers on the order of 1.25 em-
ployees, and the effects are precisely estimated for all samples of firms.
We find the effect of an H-1B on the patenting of the firm to be insignif-
icant, with point estimates around zero, while effects on use of the R&E
credit are negative. We also find negative but insignificant effects on pay-
roll per employee and, somewhat surprisingly, negative effects on profit.
Outside of the latter estimate, these results align with the prior results
and more generally contribute to the story that H-1Bs have somewhere
between a small negative and a zero impact on the innovative activity of
a firm as measured by patenting activity and use of the R&E credit.28

Finally, theOLS regressions, presented in the fifth row of each panel in
table 4, indicate that with firm fixed effects, an additional H-1B visa is as-
sociated with a decrease in the employment of other workers on the or-
der of nearly 1 employee, regardless of firm size. Thus, the naïve differ-
ence between firms that hire and those that do not hire H-1B workers,
as seen in table 1, is an artifact of other differences. H-1Bs are associated
with very small increases in patenting and no changes in the R&E credit,
28 That the prior literature finds positive effects on patenting could be driven by a failure
to adequately capture time-specific differences that correlate with H-1B availability, by the
earlier increases in the cap not contained within our sample, or by the cap failing to bind in
many years. Using our specific years of data, sample of firms, and specification, we estimate
positive effects on patenting when we do not control for interactions of a time trend with
the preperiod values of the dependent variables. However, this sensitivity may not apply to
other analyses. Relatedly, the negative effects on profits we recover could in part be because
shift-share designs, which compare relative changes between the independent and depen-
dent variables, are not well suited to dependent variables that are frequently negatively
signed (in this case net profit) or could hint at violations in the parallel-trend assumption.
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with confidence intervals that rule out even small effects for both mea-
sures. Finally, we find little evidence of a relationship between H-1Bs
and other outcomes at the firm.
In summary, we find that alternative strategies, with a variety of differ-

ent strengths, weaknesses, and degrees of generalizability, validate our ex-
perimental finding that the effect of an H-1B is to reduce the employ-
ment of other workers at the firm and that H-1Bs have no meaningful
impact on the patenting activity of firms.29
E. Discussion of Results
Our employment results consistently show decreases in the employment
of other workers, thus implying that additional H-1Bs robustly crowd out
other individuals who would have worked at the firm. Taken at face value,
most lottery and RD point estimates in fact imply that an H-1B worker
crowds out more than one worker, although we cannot reject a null hy-
pothesis of one-for-one crowd-out; said differently, we do not find statis-
tically significant evidence that overall employment (including theH-1B)
at the firm goes down. In considering our other strategies, the shift-share
point estimates, while smaller in size than the lottery and RD estimates,
similarly show greater than one-for-one crowd-out (statistically signifi-
cantly so), while the remaining strategies point to crowd-out close to,
but below, one for one, and their confidence intervals can generally rule
out more than that one-to-one crowd-out. Yet while there is some varia-
tion in the point estimates across strategies, it is also almost always the
case that we cannot reject the null hypothesis that any strategy’s estimates
are the same as another set’s. Altogether, our results are consistent with
the possibility that new H-1B workers and otherwise available workers
are perfect substitutes.30

Still, given the size of the coefficients for some strategies, it is worth-
while to ask, What underlying feature of H-1B employment might cause
H-1Bs to crowd out multiple other workers at once? We offer several hy-
potheses that would be consistent with this. First, it is possible that H-1Bs
work harder than alternative employees do. This could arise as a result
of employer monopsony power over opportunities for a green card or
for reasons intrinsically related to the quality of the workers themselves.
29 Appendix figs. 3 and 4 show that for these identification strategies, our findings on
the effect of H-1Bs on employment of other workers and patenting are robust across the
firm employment distribution.

30 They do not necessarily imply perfect substitutability, as it would also depend on the
degree of substitutability or complementarity of H-1B labor with capital. See Lewis (2011),
which studies the interaction of immigration with capital. And if a firm faces frictions in
finding a new employee that limit the degree of crowd-out of other workers, the amount
of crowd-out we detect is all the more notable.
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Second, (full-time) H-1B workers could be replacing multiple part-time
workers, though our results on payroll per employee are not consistent
with this hypothesis. Third, H-1Bsmay indeed have special skills, but firms
may use these skills to facilitate changes in production technology that
lead to a different mix of outputs and inputs and, in particular, to a decrease
in demand for otherwise available workers. The evidence in section II about
the types of tasks H-1B workers likely perform is not very consistent with
this hypothesis.
Turning to patenting, we find generally small and insignificant ef-

fects.31 This result is not especially surprising, given the likely occupations
reported in section II.While our lottery results are not an artifact of focusing
on small noninnovative firmshiringworkers with relatively low education—
firms applying on the day the cap is reached are more likely than other ap-
plicants to have patented in the past, to be in scientific industries, and to
apply for workers with higher educational degrees—the ability to focus on
lottery effects in large or especially innovative firms where most patenting
is concentrated is limited by statistical power. However, this is not the case
for our other strategies.
In panel A of table 5, we restrict the sample to innovative firms by drop-

ping those that have never patented in prior periods and examining ef-
fects using all of our identification strategies. The results confirm that sev-
eral strategies (in particular, the 2008 quasi-lottery, shift-share, and OLS
TABLE 5
Effect of H-1Bs on Patents in Large or Innovative Firms

FY2006/2007
Lotteries

FY2006/2007
RD

FY2008 Quasi
Lottery

Shift-
Share

OLS Firm
Fixed Effects

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

A. Firms with at Least One Patent in the Preperiod

2.057 2.17 2.00064* 2.034 .000070
[2.30, .19] [2.46, .12] [2.0013,

1.49E206]
[2.11, .04] [2.000063,

.000203]

B. Large Firms (Preemployment > 30)

2.023 2.030 2.00038 2.15 .000088
[2.073, .027] [2.074, .013] [2.00094, .00019] [2.41, .10] [2.000021,

.000196]
31 The extrem
themodest decre
ely small positive est
ases inpatenting fou
imates from firm fixed e
nd in some2008 quasi-lo
ffects regression
ttery and shift-sh
Note.—The table shows the results of five identification strategies applied to firms that
are either innovative (panel A, with at least one patent in the preperiod) or large (panel B,
with preemployment > 30), with 95% confidence intervals in brackets. The specification in
each column corresponds to the baseline specification in each case; see table 4 for more
details. The number of observations varies from 1,557 (col. 1, panel A) to 636,605 (col. 5,
panel B). The standard errors are clustered at the firm level.
* p < .10.
s are offset by
are estimates.



2530 journal of political economy
firm fixed effect regressions) are indeed sufficiently powered to produce
precise estimates for the small subsample of innovative firms, showing no
increase in patenting due to an additional H-1B. In panel B, we focus only
on firms with over 30 employees in the preperiod, given that patenting is
more prevalent among larger firms, and we find similar results. Thus, our
findings apply even when just considering more innovative firms. Addition-
ally, the R&E credit results tend to be clustered around zero or somewhat
negative. While not always as precise as the results for patenting, the com-
bined R&E and patenting results paint the picture that both firm inputs
into the innovative process and innovative output do not see meaningful
increases from additional H-1Bs.
Finally, we find some evidence of a decrease in payroll per employee

and increase in profits in our lottery setting. The impact on payroll per
employee could be coming from multiple mechanisms. First, employers
may pay H-1Bs less than the average wage. This could be due to monop-
sony power that the employer has because of the individual’s H-1B status.
Second, employment of H-1Bs could reduce wages paid to H-1B workers,
which, combined with lower employment of other workers, suggests that the
effect of H-1Bs is to lower the demand for other workers. In turn, the pos-
itive indication on profits, along with payroll-per-employee results, suggest
that the firm is able pay its employees less without a similar-sized drop in
output; that is, the firm is able to extract (additional) rents from labor. That
said, the results on profits and payroll per employee are less precise and
robust across strategies than our main outcomes and thus more speculative.
VII. Conclusion
The effect of highly skilled immigrants on firms is one of the centrally im-
portant US immigration policy questions. We examine the impact of the
United States’ largest high-skill immigration program, the H-1B pro-
gram, and find that new H-1Bs crowd out other workers associated with
similar observable levels of innovation. This result is informative for un-
derstanding the effects of these individual workers on firms and for un-
derstanding the labor market for high-skilled technical workers in the
United State and the nature of labormarket substitution.We bring several
new advances to the literature, including randomized visa lotteries and
IRS data on the universe of US firms. We apply these IRS data not only
to the new randomized visa lotteries strategy but also to a new RD design,
as well as other strategies that the prior literature has relied upon that we
now apply to the firm level, drawing on the universe of firms.
Taken together, these identification strategies run the gamut from

precise causal identification on small subsets of firms to more general
correlative statements about the universe of US firms, and from an anal-
ysis of years in which demand for H-1Bs moderately outstripped supply
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to an analysis of years in which demand for H-1Bs greatly outstripped
supply. The primary finding that across all identification strategies one
additional H-1B leads to significant crowd-out of other workers at the
firm level holds whenever the sample we study is sufficiently powered
to produce precise estimates, sometimes even when including very large
firms. This is relevant in light of frequent claims that H-1Bs have unique
skills that cannot easily be obtained elsewhere.
Likewise, across all identification strategies and all years, one additional

H-1B does not cause any meaningful increase in patenting. In contrast,
point estimates of the effects of H-1Bs on patenting are typically negative,
and standard errors are typically small enough to rule out more than a
small percentage or absolute effect. These findings are not an artifact of
small numbers ofmarginal H-1Bs being denied because of the cap, as they
also hold even for identification strategies such as the 2008 quasi lottery
and the 2004 cap reduction, which involve substantial numbers of H-1Bs
at stake in the economy as a whole and in each firm.
Consistent with firm profit maximization, we find some evidence that

extra H-1B visas increase firm profits. We also find some evidence that ex-
tra H-1B visas lead to a decrease in earnings per employee, especially in
the lottery identification strategy. If these findings reflect higher eco-
nomic profits and/or lower pay for H-1Bs than for alternative workers,
then this would suggest the existence of market frictions, such as firm la-
bor market monopsony power.
Overall, our results are more supportive of the view that H-1Bs crowd

out alternative workers, are paid less per unit of effort than the alternative
workers whom they crowd out, and thus increase the firm’s profits despite
no measurable effect on innovation. Prima facie, these results appear at
odds with a chief goal of the program, as articulated by policy makers in
legislation, of providing firms with skilled workers who have unique, in-
novative skills that the firms cannot otherwise obtain. Even though firms
attest that hiringH-1Bs does not adversely affect similarly employed work-
ers, our results raise this possibility.32 Future research should investigate
whether H-1Bs’ pay is consistent with prevailing-wage regulations and
whether employers meet the test of being unable to hire a comparable
worker. And while we find little effect on firms’ quantity of innovation,
assessing impacts on productivity should be a priority for further research.
Our study estimates only partial-equilibrium effects, not general-

equilibrium effects. In particular, we isolate the effect of additional H-1B
visas allocated to a given firm on outcomes at that firm (holding all else
32 Our results do not necessarily imply that firms’ behavior is inconsistent with their at-
testations, e.g., because the congressional intent may have been to prevent harm to US cit-
izens specifically.
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equal). However, these should be a key determinant of the general-
equilibriumeffects. If the crowded-out workers become employed in other
firms (i.e., assuming that labor demand is not perfectly inelastic) and inno-
vate there, aggregate employment and patenting could still increase, as
long as this boost to innovation does not crowd out innovation elsewhere.
These or othermechanisms could reconcile positive aggregate effects with
small firm-level effects. However, this mechanism for raising employment
and innovation would be very different from the hypothesis that H-1Bs di-
rectly raise employment and innovation at the firm level as well, as both the
business community and policymakers have claimed, and suggests smaller
aggregate effects than would otherwise be expected.
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